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The Government of the Republic of Indonesia desires to develop the Banko Barat coal 
field which is located near Tanjungenim South Sumatra, Indonesia. Coal produced 
from Banko Barat coal field is intended to fulfil the needs of the power plants of 
Suralaya in West Java.
The Neogene Banko Barat coal was deposited in the Muaraenim Formation of the 
South Sumatra Basin. The formation is primarily encountered in limnic-telmatic 
(peat/swamp) facies and is subdivided into four units, M l to M4. The M2 unit is the 
most important with regard to economically mineable coal seams in this formation. 
It contains the Manggus (A) seam, Suban (B) seam and Petai (C) seam.
Rank and type variation within the Banko Barat coals were assessed by petrographic 
examination of 92 samples. Petrographically, the Banko Barat coals are dominated by 
vitrinite with common liptinite and rare inertinite. Vitrinite macerals are dominated 
by detrovitrinite and telovitrinite. Liptinite is dominated by resinite, suberinite, cutinite 
and sporinite. Inertinite macerals include semifusinite, fusinite and sclerotinite. The 
climatic conditions and differences in peat conditions influenced the type of coal 
formed.
The vitrinite reflectance in Banko Barat is relatively the same throughout the seams. 
Small differences are due to the depth of burial and no evidence was found to suggest 
that the Banko Barat coal was affected by the Bukit Asam Andesite intrusion. 
Chemically and physically, Banko Barat coals are mainly low ash, low to very low 
sulphur, relatively high calorific value and volatile matter, relatively low moisture 
content and medium hardness. Therefore, the Banko Barat coals are classified as sub­
bituminous coals B and C.
The sodium content in ash is slightly high and increases steadily from outcrop to down 
dip. In the deeper parts of the deposit the sodium concentrations were found to be in 
excess o f 6% with values ranging from 1% to 3% in the shallower parts of the 
deposit. Highest sodium content is found in the A2 and B1 seams.
The Banko Barat coals are suited for use in the Suralaya power station, although the 
sodium may cause severe boiler fouling, but with a slight modification to the cross 
section of the combustion chamber and the installation of water soot-blowers the 
fouling and slagging problems can be alleviated.
Environmentally, burning the Banko Barat coal in power stations is environmentally 
safe as nitrogen emissions and sulphur dioxide emission, as well as particulate matter, 
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CHAPTER ONE
I N T R O D U C T I O N
1.1. LOCATION
The Banko Barat area is situated 190 kilometres southwest of Palembang and 
between 3 and 9 kilometres to the southeast of Tanjungenim, an established coal 
mining town in the Muaraenim regency of the South Sumatra Province. 
Tanjungenim is located 180 kilometres by road and rail west of Palembang, which 
has a major airport and port facilities, and 350 kilometres by road or 400 
kilometres by rail north of Bandar Lampung, which contains the Tarahan coal 
terminal (Figure 1.1.).
The Banko Barat area is situated in the eastern foothills of the Bukit Barisan 
Range. The topography is gently undulating hills, with elevations between 55 m 
and 85 m above sea level (a.s.l). Much of the area is covered by high grass 
(alang-alang or bushland) or secondary forest.
The Banko Barat coal deposit lies within the co-ordinates of 9,577,000 m N to 
9,585,000 m N and 367,000 m E to 372,000 m E, representing an area of about 
20 sq km. This area is east of Air Enim, and some distance west of Air Langi.
The coal seams form a continuous structural subcrop along the Banko (Kiahan) 
Anticline (western and southern flanks), the north-west Banko Syncline and the
Liling Anticline (western flank).
1.2. METHODS AND DATA EVALUATION
Data and material lor this study were obtained from subsurface drill cuttings and 
core from shallow coal exploration wells. Additional data were taken from the 
Banko Barat feasibility study.
Coal samples from the study area were prepared as polished block in accordance 
with Australian Standard 2061. The samples were then examined using a 
reflected light microscope and the macerals identified under oil immersion by their 
relative reflectance, colour, morphology, and fluorescence characteristics. The 
proportion of each maceral was determined by point-counts.
The petrographic analyses were used to determine the maceral types in the coal 
(coal type) and the degree of metamorphism or coalification (coal rank); both 
parameters are particularly useful in the coal industry.
Chemical and physical analyses of the samples were carried out by the Directorate 
of Coal Laboratory in Tanjungenim, South Sumatra, and PT. Geoservices at 
Bandung, in co-operation with Australian Coal Industry Research Laboratory 
(ACIRL).
The analyses included proximate analysis and determination of the calorific values, 
ultimate analysis, grindability and ash analysis. The results of these analyses 
were used in conjunction with petrographic data to assess the quality of the Banko
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Barat coal and its potential for use in the Suralaya power station.
1.3. HISTORY OF COAL EXPLORATION
For some centuries, the inhabitants of the Banko Barat area used the coal outcrops 
as good river crossing points and dug the coal for domestic fires. For 50 years 
prior to 1942, the area was included in the regional geological studies by 
Bataafsche Petroleum Maatschappij (BPM). These studies identified the structural 
and stratigraphic setting of the coal seams.
From June 1975 to August 1978, Shell Mijnbouw Maatschappij BV (Shell) 
conducted an exploration program in Banko Barat and identified significant 
measured reserves of steaming coal.
From May to December 1983, a small part of the Banko Barat area was included 
in an oil exploration seismic survey for Pertamina.
In 1985, exploration in the Banko Barat area for coal gasification studies was 
carried out on behalf of Japanese clients, and in the same year, part of the area 
was explored for bentonite by private Indonesian companies.
From January to September 1985, the Directorate General of Mines, Directorate 
of Coal (DGM/DOC), in association with Kinhill - Otto Gold Joint Venture 
(K-OG), carried out further exploration as part of the feasibility appraisal of the
Banko Barat area.
1.4. AIMS OF STUDY
The major objective of this study is to evaluate the potential of the Banko Barat 
coal as a fuel for power generation. The study plan covers coal quality, coal 
utilisation, environmental studies the assessment of coal depositional environments.
The main specific aims of the study are listed below.
1. To identify the various coal seams including location, structural setting 
and quality.
2. To determine the characteristics of the Banko Barat coal regarding 
chemical, petrographical and utilisation properties.
3. To assess the usefulness of the Bano Barat coal as a feedstock for the 
Suralaya power station.
1.5. GENERAL GEOLOGY OF SOUTH SUMATRA
The South Sumatra Basin in which the South Sumatra coal province is located, is 
considered to be a part of the South and the Central Sumatra Basin area (de 
Coster, 1974; Harsa, 1975) and is an asymmetric basin (de Coster, 1974) 
bounded to the southwest by faults and uplifted exposures of the pre-Tertiary 
rocks along the mountain front of the Bukit Barisan Range, to the northeast by the 
Sunda Shelf, tb the south and east by the Lampung High and by an arch that 
parallels the east coast of Sumatra and to the northwest by the Tigapuluh High
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which separates the Central Sumatra Basin into two sub-basins (Figure 1.2.).
The maximum dimension of the South Sumatra Basin is 510 X 330 kilometres 
(317 X 205 miles) and it covers approximately 117 square kilometres (45.2 square 
miles; de Coster, 1974).
The basin is interpreted as a foreland basin or backdeep of the Alpidic Fold Chain 
(island arc) <md is parallel to the subduction zone on the plate boundary which 
extends from the south-west of Sumatra to south of Java.
The development of the foreland basin started in the lower Miocene with 
continental fluvial, limnic lagoonal and open marine phases. Much of the 
sedimentary detritus filling the basin is derived from the contemporaneous 
volcanicity of the volcanic arc southwest of the basin.
The very extensive and economically interesting coal deposits in the South 
Sumatra Basin are part of the Muaraenim Formation which was deposited during 
the Tertiary epoch during which a rising and subsiding landmass was controlled 
and influenced by comparatively young events related to plate tectonics and 
volcanicity within the region of present Sumatra Island, worldwide sea level 
fluctuations and climatic changes.
Three orogenic phases are recognised in the South Sumatra Basin. The first 
orogenic phase occurred in the Mid-Mesozoic time and is usually called the " 
Mid-Mesozoic Orogeny ". This orogeny affected the Paleozoic - Mesozoic strata
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which were metamorphosed, faulted and folded into large blocks or belts. These 
large structural blocks formed several depressions, known as the Jambi Sub-basin 
and Central Paiembang Sub-basin (Figure 1.3.) into which sediment was 
deposited. Finally, these strata were intruded by granite batholiths.
The second orogeny occurred in the Late Cretaceous and Early Tertiary times, 
and was characterised by transform faults which have a general trend direction of 
north-south or north-northwest - south-southeast.
The last tectonic event occurred in the Plio-Pleistocene and resulted in many high 
angle reverse faults forming. All these structures are dominant features of 
Sumatran geology such as the Semangko Wrench Fault or the Great Sumatra Fault 
and the Bukit Barisan uplift. The Tertiary sediments were also folded with a 
general northwest - southeast trend. Former faults were also rejuvenated by this 
orogeny (Soedarsono, 1974).
1.6. SUMMARY
This study will evaluate coals of the Banko Barat area regarding utilisation of the 
coal as a fuel lor power stations and in accordance with the government policy. 
The aims of the government policy is to restrict the domestic consumption of oil 
in order to maximise its value as an earner of foreign exchange; energy policies 
* calls for a new coal-fired central power station, cement manufacture and other 
industries to switch to coal. The rate at which this change-over occurs will 
depend on the availability and price of coal such as that from Banko Barat area.
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CHAPTER T W O
TERMINOLOGY AND CLASSIFICATION OF COAL
2.1. NOMENCLATURE AND TERMINOLOGY
The major coal types formed from peat are lignite (brown coal), sub-bituminous 
coal, bituminous coal and anthracite. Peat is not actually classified as coal but to 
become coal, peat must progress through coalification during which plant debris is 
transformed from peat to lignite and then through the higher ranks of coal and 
finally anthracite.
Lignite may vary in colour from brown to brownish-black and has a lower carbon 
content but a higher moisture content compared with sub-bituminous coal. Sub­
bituminous coal has sometimes been called "black lignite".
Bituminous coal is the most abundant variety of coal and burns with a smoky flame 
because of its volatile matter content. On the other hand, anthracite burns slowly 
with a pale blue flame because of its lower volatile matter content. Anthracite is 
coal of the highest metamorphic rank.
Chemically and petrographically, coal is a very complex material and for most 
practical purposes, the general chemical nature of the various organic compounds
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present in coal can be evaluated by a combination of proximate analysis and 
ultimate analysis.
Proximate analysis which is derived from "approximate analysis" (Montgomery, 
1978) gives the relative amounts of light organic compounds (volatile matter), as 
opposed to non-volatile organic material (fixed carbon). This type of analysis also 
gives^the amount of moisture in the coâl and a measure the inorganic components 
left as a residue or ash when the coal is burned.
Ultimate analysis determines the total amounts of each of the principal chemical 
elements in the coal such as carbon, hydrogen, oxygen, nitrogen and sulphur.
In many cases, the results of proximate and ultimate analysis are sufficient to 
indicate how the coal will behave in industrial usage. More specific tests may be 
employed to give further information on various aspects of the thermal properties 
of the coal. These tests include determination of the physical properties such as 
specific energy, Hardgrove Grindability index and ash fusion temperature.
The standard methods which were used to determine the characteristic of coal for 
the present study follow that described by International Standards Organisation 
(I.S.O.). Many I.S.O. standard methods are specific for analysis of low rank 
coals, such as many from Indonesia, whereas all Australian A.S.T.M. standard 
methods are specific for analysis of hard coal and thus most are unsuitable for use 
with the low rank coals of the study area.
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Another reason for the use of I.S.O. standards is I.S.O. methods are essentially 
identical to British, D.I.N. and Australian standard methods for any particular 
test, especially, with regard to the equipment required. Finally, most of the 
equipment used in the Directorate of Coal Laboratory in Tanjungenim, South 
Sumatra is of a type suitable for I.S.O. methods.
From a petrographic point of view, coal is an organic-rich rock that can be 
defined in terms of lithotypes, microlithotypes, macerals, and mineral matter. The 
nomenclature of coal in hand specimen can be defined in terms of four different 
lithotypes or lithologies, these being vitrain which is very rich in vitrinite, clarain 
which has variable proportions of vitrinite, liptinite and inertinite; both lithotypes 
are subdivisions of bright coal (S topes 1919). Fusain which was introduced by 
Grand’eury (1882) and durain (Stopes, 1919) are subdivision of dull coal. In 
addition to the above varieties, as described by Van Krevelen, there are two 
lithotypes which are known under the group of sapropelites; cannel coal and 
boghead coal (or torbanite). Cannel coal is black whereas boghead coal is a dull 
brown to greenish in colour. Cannel coal bums with a long and steady flame 
from which the name is derived (candle).
According to the International Committee for Coal Petrology handbook (I.C.C.P., 
1963), coal microlithotypes are defined as a typical associations of macerals with a 
minimum band width of 50 micrometres. Table 2.1. shows a summary of 
microlithotype classification. The three main groups of microlithotypes are 
monomaceralic, bimaceralic, and trimaceralic which are in essence microlithotypes
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composed of one, two, or three macérai groups respectively.
Macérais are the basic components of coals which are analogous to the minerals of 
inorganic rocks although they can never be equated to minerals. The macérais are 
classified into three macérai groups: vitrinite, liptinite and inertinite. In coal of 
lower than sub-bituminous rank, the term huminite is used instead of vitrinite. 
Macérais of liptinite and inertinite are given under the same names in both low and 
high rank coals.
Since Stopes (1919) introduced the concept of macérais, the ICCP defined both 
macérai groups and individual macérais of the Stopes - Heerlen nomenclature as a 
standard method of coal petrographic classification (I.C.C.P. Handbook, 1963). 
The concept was based upon and is most specifically applicable to Carboniferous 
black coals of the Northern Hemisphere. However, Smith (1981) stated that the 
basic concept can be applied to coal of Tertiary age.
Furthermore, Smith (1981) and the Australian Standard ASTM 2856 proposed a 
simplified macérai system which is applicable to both brown and hard coals (Table
2.2.). The petrographic terms used in the present study follow those described by 
the ICCP (1963, 1971; 1975) but modified by Smith (1981) and now updated as 
the Australia standard. The Australian standard does not recognise some of the 
terms in the ICCP system and does not divide vitrinite into huminite and vitrinite.
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2.2. COAL RANK CLASSIFICATION
Rank of coal is one of the more important parameters which is used to classify 
coals into types or groups (Elliot and Yohe, 1981). The main parameters that 
are used in the ASTM coal classification system are rank related properties, such 
as volatile matter and calorific value and whether a coal is, or is not 
agglomerating.
Table 2.3. shows the ASTM classification of coal which uses proximate analysis 
and calorific value as indicators of the rank. Coals containing less than 31% 
volatile matter are classified on the basis of fixed carbon (anthracite and low or 
medium bituminous coals). Bituminous coals, sub-bituminous coals and lignite are 
then classified by the calorific value limits on a natural bed moisture basis - that is 
coal as mined but free from surface moisture.
Ultimate analysis, the other system which has been used, is based on the elemental 
composition of the coal, particularly carbon and hydrogen contents. According to 
Elliot and Yohe (1981), one of the best known rank classifications based on 
ultimate analysis is that of Seyler. Seyler developed his classification firstly for 
British coal, but it was later extended to other coals as well. Seyler’s 
classification primarily addresses high rank coal and its use for the classification 
for low rank coal is of questionable validity (Berkowitz, 1979).
The latest coal classification was proposed by Alpern (1981). Alpern stated that
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the system embodies three main parameters - rank (as measured by vitrinite 
reflectance), type (as expressed by proportions of the three main maceral groups), 
and. facies (a term expressing ash content and cleaning aptitude).
The coal classification used in this present study follows those described by 
American Society for Testing and Materials (ASTM) of Coals by Rank (1981) and 
uses the terms rank (reflectance measurement), type (maceral composition), and 
facies (ash content and cleaning aptitude) as proposed by Alpern (1981). As an 
example of the way terminology is used in this thesis, the properties of lignite are 
given. Use of the term lignite implies a coal that is low in carbon (approximately 
50%), one that has a low heating value, perhaps between 6000 and 8000 Btu/lb, 
high ash, high moisture, and volatile matter and may be quite young in age.
Rank of the coal, according to ASTM Classification is divided into several 
classes, lignite (lignite A and lignite B), subbituminous (sub-bituminous A, B, 
and C), bituminous (low volatile and medium volatile, high volatile A, B, and C) 





The samples studied were collected from Banko Barat Coalfield of South Sumatra 
Basin. Ninety two samples were taken from twenty one boreholes in the area 
studied (Figure 3.L). Samples from the borehole cores were composite samples 
collected over the entire thickness of each of the seams and are therefore though to 
be representative of each seam. Table 3.1. shows the number of samples from 
each borehole.
3.2. SAMPLE PREPARATION
All samples collected from the field were prepared for proximate analysis, ultimate 
analyses, analysis for combustion and microscopy investigation. The microscopic 
analysis was carried out by the author whereas the other analysis were done by 
contract.
To prepare coal samples for microscopic investigation, the samples were crushed to 
a 1 mm top size and then riffled to obtain a 15 gram representative sample. 
Then, the sample was mixed with resin and moulded into a block. After that, one
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surface of each block was ground and polished to the required level for 
petrographic analysis. All coal samples examined are listed in the Department of 
Geology, The University of Wollongong grain mount catalogue.
3.3. PROXIMATE AND ULTIMATE ANALYSES
The various organic compounds present in coal can be evaluated by a combination 
of two sets of analytical data - proximate and ultimate analyses.
The results of the coal analyses may be reported by the laboratory according to 
several basis. They are :
- As sample basis (a.s.)
- Air dried basis (a.d.b.)
- Dry basis (d.b.)
- Dry ash free basis (d.a.f.b.)
- Dry mineral matter free basis (d.m.m.f.b.)
3.3.1. PROXIMATE ANALYSIS
Proximate analysis gives the amount of moisture in the coal and a measure of the 
inorganic compounds left as a residue or ash when the coal is burned. It also gives 
the relative amounts of light organic compounds (volatile matter) and non-volatile 
organic material (fixed carbon).
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The Directorate of Coal Laboratory in Tanjungenim, South Sumatra determined the 
moisture content of the coal by using the " Drying in Nitrogen Method " and the 
" Dean and Stark Method
In the Drying in Nitrogen Method, the sample is heated in an inert atmosphere and 
out of contact with air at a temperature between 105°C and 110°C in an oven. 
Then, the percentage of moisture is calculated from the loss in mass.
The Dean and Stark Method is also applied to determine the moisture content of 
the low rank coal. In this method, the sample is heated in a flask under reflux 
conditions with boiling toluene. The moisture from the coal is entrained by the 
toluene vapour and carried to a condenser fitted with a graduated receiver. The 
water separates in the receiver, forming the lower layer, while the excess toluene is 
returned to the distillation flask by means of an overflow. The moisture in the 
coal is calculated from the mass of the sample and the volume of water collected.
Before analysis, the coal samples were crushed to - 3.35 mm and mixed 
thoroughly. A 10 gram sample was weighed and dried in a nitrogen oven for 3 
hours at 105°C to 110°C in a suitable dish. The loss in mass during this period is 
determined relative to the sample taken.
Ash is formed from the mineral matter in, and included with the coal. Ash is 
determine by burning the coal sample in a furnace heated electrically to 815° C for 
30 minutes with a slow current of air passing through the furnace chamber. The
16
percentage of ash is calculated from the mass of the residue remaining after 
combustion.
In the Tanjungenim laboratory, the determination of volatile matter from bore core 
samples used the direct determination method. The volatile matter is determined 
by measuring the weight lost when the coal is heated at 900° C out of contact with 
air for 7 minutes. The test is normally performed on an air dried sample. The 
volatile matter content is strongly related to coal rank and is an important 
parameter in the classification of coals.
The fourth value of a proximate analysis is fixed carbon. The fixed carbon content 
of the sample is calculated by subtracting the sum of the percentage of 
moisture+ volatile matter+ash in the analysed sample from 100 %.
3.3.2. ULTIMATE ANALYSIS
A further useful type of coal analysis is the ultimate analysis. Over 99% of the 
organic portion of the coal consists of the five elements: carbon (C), hydrogen, 
(H), sulphur, (S), nitrogen, (N), and oxygen, (O). Ultimate analysis determines 
the total amounts of each of those principal chemical elements in the coal.
Two methods are specified for the determination of the total percentage of carbon 
and hydrogen in coal - the " Liebig Method" (combustion at 800° C) and the " 
High Temperature Combustion Method " (combustion at 1350° C).
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In Tanjungenim laboratory, the determination of carbon and hydrogen used the 
high temperature combustion method. The coal was burned at a temperature of 
1350° C in a rapid current of oxygen. All the carbon is converted to carbon 
dioxide and all the hydrogen is converted to water. The carbon dioxide is 
absorbed by soda-asbestos and the water formed is absorbed by magnesium 
perchlorate. Following this, the absorbers are disconnected, cooled and weighed. 
The carbon and hydrogen contents are then calculated.
Determination of the total sulphur in coal used the high temperature combustion 
method. The coal is burned at a temperature of 1350° C in a rapid current of 
oxygen. All the sulphur in the coal is converted to its oxides. Then, all sulphur 
together with chlorine are absorbed in hydrogen to form sulphuric acid and 
hydrochloric acid. The total acidity is determine by titration and that due to 
hydrochloric acid is deducted. Nitrogen dioxide is not formed under the conditions 
of determination. A determination of the chlorine content can be made 
simultaneously with the sulphur content.
The Macro-Kjeldahl Method is specified for the determination of nitrogen in brown 
coal. In this method, the ammonia is steam distilled into a known volume of 0.1 N 
sulphuric acid. The excess acid is then titrated with 0.1 N caustic alkali solution to 
give the volume of acid neutralised by the ammonia. In ultimate analysis, the 
oxygen content of coal is determined by subtracting the amount of other chemical 
components, such as carbon, hydrogen, nitrogen, and sulphur from 100 %.
18
3.4. TESTS FOR COMBUSTION
These tests include specific energy as a measure of the amount of heat energy 
available per unit mass, grindability and ash fusion temperature.
The gross specific energy can be determined using a bomb calorimeter with either 
adiabatic, isothermal or static - polystyrene jacket at constant volume. The coal 
sample is burned in oxygen in a bomb calorimeter under standardised conditions. 
The gross specific energy is calculated from the rise in temperature of the water in 
the calorimeter vessel and the mean effective heat capacity of the system. 
Allowances are made for the heat released by the ignition fusion, for thermo­
chemical corrections and, where appropriate, for heat losses from the calorimeter 
to the water jacket.
A most important point is that moisture content must be determined at the same 
time as the determination of specific energy, so that, the appropriate correction can 
be made.
Determination of specific energy in the Tanjungenim laboratory also used an 
Automatic Micro-Processor Calorimeter (AMPC) as a large number of samples 
were required rapidly; with this equipment each sample can be analysed in 
approximately 15 minutes (Muchjidin, 1985).
Hardgrove Grindability Index (HGI) is the test where the coal sample is ground in
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the specified way in a standardised ring-ball mill (Hardgrove mill). The resulting 
powdered coal is screened and the HGI is calculated from the mass of fine material 
produced, using a predetermined calibration curve.
Determination of ash fusion temperature, is based principally on heating a moulded 
specimen of the prepared sample at a controlled rate in either a reducing 
atmosphere (50% hydrogen and 50% carbon dioxide by volume) or an oxidising 
atmosphere (an atmosphere consisting of either carbon dioxide or air). The 
moulded specimen is absorbed continuously and a record made of the temperature 
at which a characteristic fusibility shape occur.
3.5. MICROSCOPY
There are two methods of petrographic analysis - reflected white light and reflected 
ultraviolet-violet-blue light or fluorescence modes. Petrographic analysis includes 
maceral analysis and reflectance measurements.
Maceral analyses were determined in oil immersion in reflected plane polarised 
light at a nominal magnification of X 500. The liptinite group was studied using 
ultraviolet-violet-blue light excitation at nominal magnifications of X 320 and X 
500 using a 3 mm BG3 filter with a K490 suppression filter. The Leitz Orthoplan 
microscope used for fluorescence examination incorporated a TK400 dichroic 
mirror fitted with a vertical illuminator. Using this system a combination of 
acceptable intensities, adequate colour separation of each component and ease of
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switching from reflected white light to fluorescence mode are possible.
All photography utilised an Orthoplan microscope, fitted with a Leitz Vario- 
Orthomat Camera which incorporates a 5 to 12.5 X zoom. A Leitz Ortholux I 
microscope, fitted with a Leitz MPV 1 Microphotometer and powered by Knott 
NUP high stability power supply was used to measure the vitrinite reflectance of 
each coal samples. Output from the microphotometer passes to a KIPP and Zonen 
AC 3 galvanometer. All electrical components were switched on at least half an 
hour before the instrument is calibrated.
The microphotometer was calibrated against synthetic garnet standards of 0.917% 
and 1.726% reflectance and a synthetic spinel of 0.413% reflectance. The 
galvanometer was set to give a reading of one half the reflectance when multiplied 
by 100.
The wavelength of the incident light was 546 nm; oil immersion, refractive index 
1.518, was used to measure the reflectance at a temperature of 23°C + 1°C.
3.5.1. Maceral Analysis
Macerals are identified and classified on the basis of their morphology, colour, 
reflectance and nature of formation. Maceral composition was calculated from a 
point count of approximately 500 points with traverses from the top to the bottom 
of the block.
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To obtain a representative count, vertical and horizontal traverse spacing were 
altered in accordance with the grain size of the samples to give at least a 90% 
coverage of each block. Each point was examined both in reflected white light 
and fluorescence mode where necessary. Finally, the number of points counted 
for each individual maceral, maceral group and mineral matter were expressed as a 
percentage of the total points recorded.
The maceral terminology reported in this study follows that described by the ICCP 
Handbook (1963; 1971; 1975) as modified by Smith (1981). Vitrinite includes 
telovitrinite, detrovitrinite and gelovitrinite; liptinite include sporinite, suberinite, 
resinite, cutinite, fluorinite and exsudatinite; inertinite include semifusinite, 
fusinite, sclerotinite, inertodetrinite, micrinite and macrinite.
Mineral matter was also counted but because of difficulties in identifying certain 
mineral matter in incident light oil immersion, the mineral matter count gives a 
reasonable estimate of the percentages of specific minerals.
3.5.2. REFLECTANCE MEASUREMENTS
The measurement of reflectance was taken on the polished surface of vitrinite 
particles, telocollinite in particular. The microscope stage was rotated to obtain a 
maximum reading and then, rotated through approximately 180° to obtain a second 
maximum reading (within 5% relative of each other). The acceptable maximum 
pairs were averaged to give the mean maximum vitrinite reflectance in oil
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immersion (referred as Rvmax.).
The reflectance of any vitrinite grain was not measured more than once and 
calibration of the instrument was carried out before and after the measurements of 
every sample.
Vitrinite is preferred in reflectance measurements because it changes consistently 
with rank (Smith and Cook, 1980) and has a tendency to occur as large 
homogeneous particles which are dominant in many coals (Bustin et al., 1983).
Although from 50 to 100 readings are recommended in order to obtain a precise 
mean value (Stach et al., 1982), in the present study, between 25 and 30 readings 
were taken. The standard deviation, showing the standard error by which the 
mean approaches the precision of the measurement of the standard was calculated 
when 20 or more readings were taken.
3.6. SUMMARY
Coal is a very important industrial fuel and the demand for it has increased 
significantly in recent years. Coal of a particular quality and known specified 
properties is sold to customers in sale contracts. Consequently, analytical data is 
important for commercial purposes.
Over the years, specific analytical systems and tests for coal have developed and
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are used extensively for commercial purposes. The important analyses of coal are 
proximate analysis (for moisture, ash, volatile matter, and fixed carbon), ultimate 
analysis gives the elemental structure of coal, of which sulphur is the most 
important element for preparation plants, particularly because of its environmental 
considerations; specific energy provides the heat value of the coal and grindability 
gives information for boiler design in power station.
Petrographic analysis is a technique for providing information about the type and 
abundance of macérais in the coal. In general terms, the behaviour of coal during 
combustion, as well as for carbonisation, pyrolysis, gasification, and direct 





G E O L O G Y
4.1. INTRODUCTION
Indonesian Tertiary basins are commonly associated with the island arc system 
and generally are classified as back-deep, inter-deep or fore-deep. They also 
have been classified as foreland-basins, intramontane-basins and interarc-basins 
(Figure 4.1.). In most basins, rapid marine sedimentation occurred during the 
Tertiary and was followed by a moderate to strong folding event at the end of 
the Tertiary. This produced favourable sedimentary and structural 
environments for the formation of coal as well as liquid hydrocarbons.
Koesoemadinata et al. (1978) recognised that, based on the basin evolution 
concept, intramontane-basins developed in the Early Tertiary and the basin 
rocks are generally exposed in the uplifted zone of the volcanic inner-arc. 
Foreland-basins developed in the Late Tertiary and for the most part are 
superimposed on the intramontane-basins. Interdeep basins also developed in 
the Late Tertiary and are partly superimposed on the foreland-basins.
Taking the time of deposition into consideration, the Tertiary basins can be 
distinguished as Paleogene basins, which include intramontane-basins and some 
continental margin basins, and Neogene basins which include foreland-basins,
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interdeep-basins, delta basins and some continental margin basins.
Paleogene intramontane-basins, Neogene foreland-basins and Neogene deltaic 
basins are the most important basins for coal deposition. Coal deposition 
commonly occurred in the pre-transgressive stage of the Paleogene 
intramontane-basins evolution and in the late regressive stage of the Neogene 
basin evolution (Figure 4.2.). .
The transgressive coal sequences deposited in the Paleogene intra-montane 
basins began with terrestrial deposition which consisted mostly of a complex 
interdigitation of alluvial fan and braided stream deposits, lacustrine and 
paludal sediments, volcaniclastics and the initial stages of marine ingressions.
Paleogene coal seams are exposed in the Talang Akar Formation in the lower 
part of South Sumatra Basin and are associated with sandstone and shales 
(Figure 4.3.).
Coal deposition in the regressive phase of the Neogene cycle commenced in 
the late Middle Miocene and was characterised by a slow withdrawal of the 
sea and the shallowing of the environment of deposition from deeper marine 
to shallow marine to paludal and then to deltaic and continental conditions.
The potential coal measures are found within the middle stage of a regressive 
period starting at the Air Benakat Formation and terminating with deposition 
of the Kasai Formation. The potential coal seams are concentrated in the
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Muaraenim Formation (Figure 4.3.) and were formed in extensive swamps 
during the regressive phase.
4.2. STRATIGRAPHY
4.2.1. Regional Stratigraphy
The South Sumatra Basin sequence is composed of a transgressive-regressive 
cycle of Tertiary sediments which developed on pre-Tertiary basement rocks. 
The rock units belonging to the transgressive sequence are the Lahat 
Formation (LAF), Talang Akar Formation (TAP7), Baturaja Formation (BAF) 
and the Gumai Formation (GUF). The regressive sequence consists of the 
Air Benakat Formation (ABF), Muaraenim (sometimes written as Muara 
Enim) Formation (MEF) and the Kasai Formation (KAF) (Figure 4.3.).
The initial sedimentation in the South Sumatra Basin began with the 
deposition of the Lahat Formation which was probably deposited in the Late 
Eocene or Early Oligocene. This formation consists of sandstone, claystone, 
breccia, granite wash, occasional thin coal beds and tuff. These rocks are 
probably a part of cycle of continental sedimentation, volcanism and erosion 
that accompanied the Late Cretaceous-Early Tertiary tectonism in this basin. 
The thickness of the Lahat Formation varies from 750 m to 1000 m depending 
on the palaeotopography (de Coster, 1974).
Unconformably overlying the Lahat Formation is the Talang Akar Formation,
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which is composed of delta plain sandstone, siltstone, shale, thin limestone, 
calcareous sandstone and thin coal beds. According to de Coster (1974) the 
Talang Akar Formation has been divided into a lower Gritsand Member and 
an upper Transitional Member. The age of this formation is probably Late 
Oligocene to Early Miocene with the thickness of the unit varying from 400 
to 600 m.
Overlying the Talang Akar Formation is the Baturaja Formation which consists 
of several facies including hard and layered crystalline limestone, coral reef 
limestone, sandy limestone and shaly limestone. This formation was locally 
developed, because in some areas, for example, in the Jambi Sub-basin and 
also in the Lematang depression it does not occur and there is no evidence for 
erosion. In high palaeotopographic areas, the formation was directly deposited 
upon the pre-Tertiary basement rocks (Koesoemadinata et al., 1978; Figure 
4.4.). The thickness of the formation is approximately 60 to 120 m 
(Adiwidjaya and de Coster, 1973).
Overlying the Baturaja Formation is the Gumai Formation of Early-Middle 
Miocene age. The formation consists primarily of shale, claystone, marl, silty 
shale and occasionally thin limestone and sands. The thickness of this 
formation varies greatly throughout the basin and is probably as thick as 
1800 to 2700 m (Adiwidjaya and de Coster, 1973). The formation laterally 
interfingers with the Talang Akar Formation (Koesoemadinata et al., 1978).
Commencing in the Middle Miocene, a regression replaced the transgression
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and the Air Benakat Formation was deposited in a neritic environment during 
the early stages of the regression. The lower part of the Air Benakat 
Formation consists of marly shales which are rich in Foraminifera and 
limestone intercalations. In the upper part, it consists of sandy and marly 
claystone, numerous sandstone beds with glauconitic and sometimes calcareous 
compositions and thin coal beds or substantial plant remains. The 
interpretation of the age is approximately Late Miocene and the thickness 
varies considerably throughout the basin, usually ranging from 1000 to 1500 m 
(Adiwidjaya and de Coster, 1973).
Conformably overlying the Air Benakat Formation is the Muaraenim 
Formation which was deposited in shallow brackish, paludal, delta plain and 
non-marine environments. This formation is composed of sandstone,
mudstone and coal beds. The thickness is about 450 to 1200 m and the age 
is interpreted to be Late Miocene to Pliocene (de Coster, 1974).
The youngest formation is the Kasai Formation, deposited during the 
Plio-Pleistocene orogeny. The formation is composed of tuffaceous
sandstone, claystone, unconsolidated gravels and occasionally thin coal beds.
The Plio-Pleistocene orogeny ended the main phase of sedimentation in the 
South Sumatra Basin. The Quaternary sediments comprise alluvium, clay, 
sand, and peat lying uncomfortably on top of the Tertiary sequence.
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4.2.2. Muaraenim Formation
The Muaraenim Formation in which the Banko Barat coal deposit is located is 
subdivided into four units, Ml (oldest) to M4 (Figure 4.4.). The M l and M2 
units are grouped as the upper Muaraenim and units M3 and M4 are grouped 
as the lower Muaraenim. The M2 and M4 units of Late Miocene age are the 
most important economically. The Ml unit with a thickness of 100 to 300 m 
is the oldest unit of the formation and consists of two coal seams, Kladi seam 
and Merapi seam (also called D seam) both of which have no economic 
value. The rocks of the Ml unit are brown and grey sandstone, siltstone 
and claystone with minor glauconitic sandstone.
The M2 unit is the most important one, from an economic point of view as it 
contains the Manggus seam (A seam), Suban seam (B seam) and the Petai 
seam (C seam) (from the top to the bottom). The coal-bearing sequence 
varies in thickness from 30 to 50 m. The accompanying rocks were 
sediments with brown to brownish-grey claystone and sandy claystone, 
brownish-grey fine to medium sandstones and some greenish-grey fine-grained 
sandstones in the lower part and only minor participational volcanic 
components. Several good marker intervals in the form of characteristically 
positioned claystone bands are found in the Suban (B) coal seam and 
pelletoidal claystone interval (derived from volcanic tuff) are found in the 
sediments between A1 and A2 coal seams of the M2 unit
The M3 unit with a thickness of approximately 40 - 120 m is basically a
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sandstone and siltstone complex, more fluvial than limnic or lagoonal/brackish 
in the upper part. It is underlain by blue-green claystone, containing a 
siderite nodule interval just above the A1 coal seam. There are a few thin 
coal seams (Burung and Benuang seams) and thin coaly layers, but the coal 
seams and layers have no economic value.
The M4 unit (120 to 200 m in thickness) is the stratigraphical youngest unit 
of the Muaraenim Formation. It contains the Lematang coal seam (Jelawatan 
coal seam in the eastern part) and the 10 to 30 m thick Enim coal seam 
complex. Both coal seams have an interesting resource potential within a 
reachable range by surface mining. The predominant rocks are blue-green 
tuffaceous claystone and sandy claystone, some dark brown coaly clayston, 
some white and grey fine- to coarse-grained sandstone with occasional 
glauconite, indicating a marine influence for a deltaic-fluvial setting. A 
characteristic marker is a sandstone layer, just below the Enim coal seam.
4.3. SEDIMENTARY FACIES
Kinhill-Otto Gold Joint Venture (K-OG), 1986, recognised that two types of 
sedimentary facies had developed in the Muaraenim Coal Formation, an 
overburden-interburden clastic facies and a coal seam facies.
4.3.1. Facies Development in Overburden-Interburden Strata
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The main rock types in the overburden-interburden sequence are silty 
claystone, tuffaceous sandstone, laminated beds of sandstone (argillaceous, 
greenish) and silty claystone (brown) with carbonaceous wisps. Other 
significant rock types are carbonaceous claystone, sandstone (argillaceous), 
clay beds of montmorillonite and kaolinite and hardbands of clay ironstone 
(irregular beds and nodules). -
Figure 4.4. shows that silty claystone forms a major portion of the A1 seam 
overburden (base of M3 sequence), the A2 to B1 interburden, the B1 to B2 
interburden, the upper and lower portions of the B2 to Cl interburden and 
the Cl to C2 interburden. The claystone contains fossil plant remains and 
mollusca.
Tuffaceous sandstone forms a major and characteristic portion of the A1 to A2 
interburden. Sometimes this sandstone has an erosional base. Other 
tuffaceous sediments occur suggesting that in the sequence immediately below 
the C seam an increase in abundance of this material occurs up sequence 
above the A1 seam. The tuffaceous rocks contain montmorillonite, quartz 
and some reworked coal.
Laminated beds of sandstone (argillaceous, greenish), silty claystone (brown) 
and carbonaceous wisps form the major portion of the B2 to C interburden. 
These rocks also occur below the C seam and in parts of the A1 overburden. 
Carbonaceous claystone commonly overlies coal seams but generally underlies
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all coal seams. The vertical gradation from coal to carbonaceous claystone to 
clay stone can be seen in A1 and C seams.
Argillaceous sandstone tends to be moderately to thickly interbedded with silty 
claystone and form the major part of the A1 overburden. These rocks also 
occur in the B2 to C interburden. The sandstone is generally graded with 
transitional bed boundaries and also contains little quartz.
Clay beds of montmorillonite and kaolinite are found below the C seam and 
sometimes above and within the A seams. These beds generally contain 
some disseminated silt and quartz sand grains.
Hardlayers of clay ironstone (irregular beds and nodules) are up to 0.3 m 
thick in the 40 m of strata above the A1 seam. Outcrop observations in 
nearby regions suggest that these irregular lenses may be up to 1 m thick and 
5 m wide. Silicified sandstone (0.2 to 0.8 m thick) occur locally as beds, 
lenses or nodules at two or three levels in the B to C interburden.
4.3.2. Coal Seam Characteristics
Each coal seam in the Banko Barat area has a lithological character relating to 
one or more of the following: claystone and dirtbands, the nature of the top of 
the coal seam, nature of the base of the coal seam and hard bands. 
Generally the coals are dull, with a few bright bands, except where coal 
grades into carbonaceous claystone. Silicified rocks occur irregularly in the
34
A2 and B1 seams, near the base of B2 seam and occasionally at the base of 
the C seam (up to 10 m in thickness).
Siliceous and ferruginous bands (0.2 - 0.3 m thick) occur in the A l seam, 
approximately 0.1 m below the roof of the A2 seam, approximately 0.15 m 
below the marker horizon in the B2 seam and randomly in the top 4 m of the 
C seam. .
Variations that are found in the coal seams in the Banko Barat area are seam 
splits and coal to clay stone gradations. The Al seam is adversely affected by 
splits in the south and gradations to carbonaceous claystone in the north. 
The thickness of the A2, B1 and B2 seams is relatively uniform throughout 
the area. The C seam splits in the southeastern part of the syncline and on the 
western flank of the Liling Anticline (Fig. 1.1.). On the contrary, the B1 and 
B2 seams merge.
4.4. STRUCTURE
4.4.1. Regional Structure of the South Sumatra Coal Basin
The interaction of the two major crustal plates (the Asian Continent Plate and 
the Indian Ocean Plate) is generally attributed to have produced the structural 
configuration of Sumatra Island. This interaction caused a strong deformation 
of the Mesozoic and Paleozoic rocks of the Barisan Range, situated on the 
western side df Sumatra. East of the Barisan Range, along the western edge
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of the Sunda Shield, a series of Tertiary foreland basins came into existence, 
one of these being the South Sumatra Basin. The Tertiary sediments of the 
Banko Barat area were deposited in part of this South Sumatra Basin (Shell, 
1978; K-OG, 1986; JICA, 1989).
It is recognised that the structural configuration of the Banko Barat area is as 
follows. During the Early Miocene to Late Quaternary, the Tertiary sequence 
was subjected to rigid block tectonics. In the northeastern side of the South 
Sumatra Basin the Lematang Syncline was formed and along the southwestern 
side of the basin the Muaraenim Anticline formed against the anticlines of the 
Gumai and Garba Mountains to the south.
The Muaraenim Anticline is divided into two parts by a north-northeasterly- 
south-southwesterly trending structural depression. The Muaraenim Anticline 
contains some local hyberbyssal andesitic-basaltic intrusive rocks. To the 
west of this trend, fold axes generally strike west to east (Gumai Trend), 
whereas to the east, the fold axes strike northwest to southeast (Garba Trend). 
The Banko Barat area is located in the Garba trend area, near the northwest 
Banko Syncline and associated flanks of the Liling and Banko (Kiahan) 
Anticlines.
4.4.2. Folding
Within the Banko Barat area, the M2 coal measures can be traced 
continuously along the flanks of three major folds, the Liling Anticline, Banko
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Syncline and Kiahan Anticline (Figure 4.5.).
The fold axes strike and plunge to the northwest and dips are generally to the 
west and range from 6° to 19° (average 8°). The dips steepen noticeably 
towards the northern end of the deposit, in association with the regional 
tendency for anticlines to become increasingly more asymmetric from 
southwest to northwest. .
The dips flatten about the northwest Banko Syncline axis subcrop area, but 
steepen again in parts of the southeastern extension of the syncline. Dips 
around the nose of the Kiahan Anticline are regular (10° to 12°) and tend to 
flatten towards the south parts of the deposit.
4.4.3. Faulting
The Banko Fault Zone was interpreted by Shell (1978) as a right lateral 
wrench zone associated with strong normal faulting. The fault along the 
southern limit of the study area was identified from structural trends based on 
borehole data. It has a vertical displacement of approximately 120 metres, 
with the southern side uplifted.
Overthrust faults were found on the northeastern flank of the Liling Anticline 
and in other parts of the Kiahan Anticline. The overthrust faults of the Liling 
and Kiahan Anticlines strike northwest to southeast, and it is assumed that 
faults with similar strikes in Banko Barat are reverse faults. Outcrop
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observations of this fault tend to confirm a thrusting origin (K-OG, 1986).
Using outcrop mapping, K-OG, (1986) identified a number of faults with 
moderate displacement. Such faults are commonly accompanied by fault 
breccia, divergent steeply dipping beds and displaced lithologies. The 
majority of faults are normal faults generally strike east to west. The 
measurement of small scale features (such as slickensides, contacts with fault 
breccia) indicate the majority of faults dip at 35° to 55° whereas a small 
number of others may dip between 20° and 70°.
4.4.4. Jointing
There are two sub-vertical joint sets in the Banko Barat area. The primary set 
is well developed, striking northeast at a bearing of 30° to 50°, are straight, 
relatively smooth and continuous. Spacing of the joints is bimodal with the 
two subpopulations being 0.5 to 2 cm spacing over a 1 to 5 m zone 
(perpendicular to the joint strike) and 2 to 6 cm spacing over a similar-sized 
zone. The secondary joint set is curved, discontinuous, spaced one order of 
magnitude wider (that is, 2 to 6 cm and 6 to 20 cm) than the primary set, and 
very poorly developed.
Joints in silty claystone are generally moderate to shallow dipping, with no 
preferred dip direction. Joints of the main joint set are generally tight, planer, 
smooth, continuous over most of the bed thickness and spaced between 6 cm 
and 60 cm. Secondary joint sets are usually poorly developed, curved,
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discontinuous and spaced equal to or wider than the primary set. In some 
cases, the sub-vertical joints of the coal extend into the adjoining silty 
clay stone. Sandstone (laminated and thickly bedded) tend to be poorly jointed 
but where occurring, the main set is straight, throughout most of the sequence. 
The joints are generally spaced at distances greater than 2 m. The secondary 
set is poorly developed and are found between joints of the primary set.
4.5. COAL RESOURCES
4.5.1. Origin and Formation
The coal measures of South Sumatra occur mainly in the Neogene Muaraenim 
Formation. As explained earlier, the age of the formation has been accepted 
as Late Miocene to Pliocene.
During the deposition of the Late Oligocene-Early Miocene Talang Akar 
Formation, the irregularities of the palaeosurface were filled and levelled. The 
thickness of the pre-Muaraenim Formations, that is, Baturaja, Gumai, and Air 
Benakat Formations, varies between a few hundred metres at the rim of the 
basin to over 1000 metres in the deepest part (Stalder, 1976).
After the deposition of the Air Benakat Formation, the sea level dropped as a 
consequence of a world-wide event about 13 million years before present time 
(the late Middle Miocene). This event was followed by the shallowing of the 
depositional environment from deeper marine to shallow marine to paludal and
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then to deltaic and continental conditions. The clastic units were covered by 
areas of swampland and marsh throughout the whole basin in which vast 
quantities of plant matter accumulated which was transformed into coals of the 
Muaraenim Coal Formation. The Muaraenim Formation isopachs indicate that 
the depositional basin had a regular pattern of subsidence with 600 to 700 
metres total thickness at the basin edges, increasing to over 1000 metres 
towards its centre (Stalder, 1976). .
The maximum thickness of coal deposition took place along the basin axis and 
can be explained as a delicate balance between plant growth and subsidence 
and by the presence of a high water table preventing oxidation of the organic 
matter. Along the basin edges, the accumulated plant material was more 
oxidised and at the same time, a large proportion of clastic material was 
mechanically mixed with the plant material during deposition because of the 
proximity of the clastic source area.
The deposition of the Muaraenim Formation was during an essentially 
tectonically quiet period (Stalder, 1976) and there are no signs of tectonic 
activity apart from axial subsidence of the basin and uplift of the Barisan 
Range. The trend of the Muaraenim Formation isopachs is quite smooth and 
is unrelated to the Plio-Pleistocene folding pattern.
The South Sumatra Basin induced a regular pattern of coal deposition during 
the time of the Muaraenim Formation because of exceptional regular 
subsidence combined with a suitable climate. Therefore, it may be
40
concluded that conditions were progressively stabilising with time until the 
deposition of the Manggus (A1/A2) seam (Figure 4.4.).
During the time the Manggus (A1/A2) seam was deposited, it can be 
assumed that the surrounding landscape became more mature and supplied less 
clastic material to the basin, resulting in the development of thick relatively 
unsplit seams. Conditions changed after the deposition of the Manggus 
(A1/A2) seam as the rate of uplift of the Barisan Ridge, as well as the 
intensity of volcanism, increased.
The coal-bearing unit of the Muaraenim Formation is presently exposed at 
inclined dips along fold flanks following Plio-Pleistocene folding and 
subsequent erosion. Only rarely do they lie horizontally close to the surface 
such as at Central Banko.
The final stage of the sedimentation occurred in the Plio-Pleistocene time with 
the deposition of the tuffaceous clastic Kasai Formation at the time the Plio- 
Pleistocene orogeny. This event can be correlated with the dramatic drop in 
the sea level about 6.5 million years before present time or approximately in 
the Late Miocene-Early Pliocene. The world wide climatic change towards a 
colder and drier climate also contributed to the end of the coal formation.
4.5.2. The Coal Series
During coalification coals are characterized physically by decreasing porosity
41
and increasing gelification and vitrification. Chemically, there is a decrease in 
volatile matter as well as an increase in the percentage of carbon. The 
percentage of oxygem also decreases with the increased depth of burial. The 
coalification process in Banko Barat coal has been controlled more by 
variations in burial depth as shown by the increasing vitrinite reflectance 
values from the top seam (A seam) through the B seam toward the bottom 
seam (C seam). Average vitrinite reflectance in the Neogene Muaraenim 
Formation, more specifically at the Banko Barat coal ranges from 0.35% to 
0.41%, averaging 0.39 % thus placing the Banko Barat coal within the first 
coalification jump of Teichmuller (1982b). In Banko Barat, no evidence was 
found that the coal is affected by the intrusions from Bukit Asam complex 
that is located 10 km to the southwest (Figure 1.1.).
4.5.3. Classification According to Rank
Based on the summary of data shown in Table 4.1., the Banko Barat coals 
have the following characteristics:
- mainly low ash
- low to very low sulphur
- medium hardness coals
- little formation of dust or slime
- low total bed moisture contents
- relatively high calorific values
- high percentage of vitrinite
- low percentage of liptinite and inertinite.
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When plotted in the ASTM and in the DIN classifications (Figure 4.6.), the 
Banko Barat coals are best described as sub-bituminous coals B and C.
4.6. SUMMARY
The Tertiary Muaraenim Coal Formation of the South Sumatra Basin was 
formed during the Late Miocene to Pliocene, primarily in limnic-telmatic 
(peat/swamp) facies. The claystone and sandstone of the formation amount to 
approximately 650 m in thickness. The formation is subdivided into four 
units, Ml to M4.
Unit M2 contains seams Al, A2, Bl, B2, Cl and C2 which have significant 
economic value. This unit is approximately 110 m thick and the accumulated 
thickness of coal is 46 m.
On a regional scale, the depth of burial accounts for the coal rank distribution.
The Banko Barat coals fall within the sub-bituminous class B and C categories 
of the ASTM classification. Importantly, the coals are low-ash coal with
relatively high calorific values when compared to other lignite deposits such as 





Generally, the maceral composition of Banko Barat coal is characterised by high 
contents of vitrinite and low contents of liptinite and inertinite, and typically with 
vitrite being the dominant microlithotype.
The coals generally consists mainly of a detrovitrinite matrix with thin 
telovitrinite bands. Minor gelovitrinite, including porigelinite and corpovitrinite, 
occurs throughout the coals. The result of maceral analyses of the samples 
studied, on a seam by seam basis, (seams Al, A2, Bl, B2, Cl, and C2) are 
shown in Appendix 1.
Liptinite consists of resinite, suberinite, cutinite, sporinite, with minor fluorinite, 
liptodetrinite and rare exsudatinite.
Inertinite is dominated by semifusinite with sclerotinite, inertodetrinite and rare 
fusinite. Bitumen is also a rare component. The coals have low mineral matter 
which consists mainly of clay minerals with minor pyrite. Clay minerals occur 
as pods and infill cell lumens, generally in vitrinite.
Banko Barat coals are characterised by vitrinite reflectance values (mean 
maximum reflectance, Ryinax) between 0.30% and 0.50%. The result of vitrinite
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reflectance measurements are shown in Appendix 2.
5.2. MACERAL ANALYSIS
5.2.1. Vitrinite
For the 92 Banko Barat coal samples, analysed the vitrinite content varies from 
83% to 96% by volume, averaging 86%. Detrovitrinite is the most abundant 
maceral subgroup ranging from a minimum of 42% to a maximum of 69%, 
averaging 56%. Detrovitrinite is generally a matrix for other macerals; densinite 
is dominant over attrinite.
Telovitrinite content ranges from 15% to 34%, averaging 26%. It occurs as thin 
bands and lenses, mostly in the form of texto-ulminite; telocollinite, eu-ulminite 
and textinite are rare.
Gelovitrinite is scattered throughout the coals and comprises porigelinite and 
corpovitrinite which often occurs in thin bands. The percentage of gelovitrinite 
ranges from 3% to 15%, averaging 7%. Figure 5.1 shows the average 
composition of the vitrinite group in Banko Barat coals.
For the 34 samples of A (A1/A2) seam, vitrinite content ranges from 85% to 
96%, averaging 89%. The coal in this seam typically comprises a detrovitrinite 
matrix which ranges from a minimum of 48% to a maximum 66%, averaging 
55%. Isolated thin bands and lenses of telovitrinite and liptinite occur in the
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detrovitrinite (Plate la  and lb). In some cases, the detrovitrinite is interlayered 
with thin bands of telovitrinite.
Telovitrinite content in A seam ranges from 15% to 33%, averaging 27%. 
Telovitrinite is commonly associated with suberinite (Plate lc and Id), resinite, 
cutinite, and fluorinite. Gelovitrinite content ranges from 4% to 12%, averaging 
7%. It is present mainly as corpovitrinite and porigelinite. In places, porigelinite 
is associated with semifusinite or occurs as thin monomaceralic bands or lenses 
(Plate le).
The vitrinite content of the 33 samples of B (B1/B2) seam ranges from 84% to 
95%, averaging 88%. It is also dominated largely by a detrovitrinite matrix 
which mostly comprises 46 to 66%, average of 56%, of most samples. 
Corpovitrinite is ubiquitous throughout the B seam and is commonly associated 
with porigelinite (Plate If). Corpovitrinite (phlobaphinite) is mostly associated 
with suberinite (Plate lg and lh). The telovitrinite and gelovitrinite contents 
average 24% and 7% respectively.
The vitrinite content for the 26 samples of C (C1/C2) seam varies from 84% to 
94%, averaging 88%. Samples consists mostly of a detrovitrinite matrix with 
lesser amounts of telovitrinite and gelovitrinite. Detrovitrinite content ranges from 
44% to 66%, averaging 55%. Telovitrinite content ranges from 16% to 33%, 
averaging 24%, and gelovitrinite content ranges from 2% to 13%, averaging 7%.
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As can be seen by the above figures the vitrinite content of the three seams in 
Banko Barat is almost the same with only minor variations in the abundance of 
specific macerals. This suggests that the plant sources for each seam were 
similar implying little change in the floristic pattern as the successive seams 
formed.
5.2.2. Liptinite .
The liptinite contents in Banko Barat coals range from 2% to 8%, averaging 5% 
(Figure 5.2). Liptinite macerals include resinite, suberinite, cutinite, sporinite 
(including sporangia) and liptodetrinite. Resinite is the most abundant liptinite 
maceral comprising up to 5% in some samples. It has a yellow to orange 
fluorescence in ultraviolet-violet light and occurs as discrete bodies, concentrated 
in distinct layers, or infilling cell lumens. Suberinite has strong green to yellow 
fluorescence and ranges in abundance from 0.1% to 3%. It occurs as distinct 
layers, commonly showing strong fluorescence intensity. Cutinite is present in 
the coal as thick cutinite (crassicutinite) and thin cutinite (tenuicutinite); both 
forms have a yellow to orange fluorescence. Cutinite ranges from 0.2% to 4%, 
averaging 1%. Sporinite is rare and disseminated throughout the coals, 
comprising up to 0.5% of any sample. Sporinite appears dark to medium grey 
in reflected light but under fluorescence light excitation it appears yellow or 
orange to yellownish-brown. Liptodetrinite has a yellow to orange fluorescence 
and occurs as small disseminated particles (less than 0.02 mm). Fluorinite and 
exsudatinite are rare macerals infilling cell lumens and infilling joints or bedding- 
plane fractures.
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Liptinite contents in the A (A1/A2) seam range from 1% to 7%, averaging 4%. 
Resinite is the most abundant liptinite maceral comprising up to 3% of samples. 
This maceral occurs mostly as discrete bodies which are commonly globular 
(Plate 2a and 2b). Suberinite comprises up to 2% of samples and generally 
occurs as distinct layers (Plate 2c and 2d). In the A seam cutinite is mostly 
tenuicutinite although crassicutinite is also, found in some samples (Plate 2e and 
2f). Cutinite constitutes from 1% to 2% of samples. Sporinite commonly occurs 
in the detrovitrinite matrix and is mostly miospores with some sporangia (Plate 
4c and 4d). The average abundance of sporinite is 3%.
Liptinite content in the B (B1/B2) seam is in the range 2% to 8%, averaging 6%. 
Resinite is the dominant maceral comprising from 1% to 5% of samples and is 
present in association with sporinite, cutinite, suberinite and bitumen. Suberinite 
comprises up to 4% of selected samples, is present in all samples and is mostly 
associated with telovitrinite and phlobaphinite. Cutinite constitutes up to 3% of 
samples (Plate 3a and 3b) and is mostly tenuicutinite in the detrovitrinite matrix 
in association with resinite and inertodetrinite. Sporinite comprises from 0.3% 
to 2% of samples and commonly occurs in the detrovitrinite matrix and is 
associated with resinite, suberinite, semifusinite, sclerotinite, inertodetrinite and 
liptodetrinite (Plate 3c and 3d).
The percentage of liptinite maceral in the C seam ranges from 5% to 9%, 
averaging 5%. Resinite is also the dominant maceral and ranges from 1% to 5%. 
Resinite is commonly associated with exsudatinite (Plate 3g and 3h) which is also 
found infilling cracks in fusinite, (Plate 3e and 3f). The exsudatinite is probably
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expelled from the resinite bodies and comprises up to 0.7% of the coal. .
Sporinite in the C seam constitute 0.3%, is commonly miospores with sporangia 
(Plate 4a and 4b) in the detrovitrinite matrix where it is associated with 
semifusinite and inertodetrinite. Minor macérais include fluorimte which 
constitutes 0.3% of samples.
In summary the average liptinite content is similar in all seams.
5.2.3. Inertinite
In Banko Barat coals, inertinite macérais are present in minor quantities with the 
total inertinite content ranging from 1% to 6%, averaging 4% (Figure 5.3). In 
general, semifusinite is the dominant inertinite macérai, occurring in thin or thick 
layers or lenses, followed by inertodetrinite, sclerotinite and fusinite.
A (A1/A2) seam contains 2% and 5% inertinite, averaging 3%. Semifusinite is 
dominant, comprising up to 1% of samples and occurring in layers or lenses 
(Plate 4c) although in some cases, the semifusinite is interbedded with 
detrovitrinite and telovitrinite (Plate 4d). Sclerotinite constitutes 0.6% of samples 
in the A seam and includes single and bilocular teleutospores and sclerotia. 
Some sclerotinite is Filled with resinite (Plate 4e and 4f) and mineral matter and 
is scattered throughout the coals (Plate 4g and 4h). Inertodetrinite (Plate 3c and 
3d) comprises up to 1% of samples.
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The inertinite content in B seam varies between 1% and 5%, averaging 3%. 
Semifusinite, inertodetrinite and sclerotinite are the dominant macerals with 
semifusinite commonly in thin layers in the detrovitrinite matrix where it 
constitutes up to 1% of samples. Sclerotinite, mostly in the form of single 
teleutospores, constitutes from 0.3% to 1%, averaging 0.8%. It is mostly 
disseminated throughout the coals although some local concentrations occurs. 
Inertodetrinite content ranges between 0.5% and 4%, averaging 1%. It is evenly 
disseminated throughout the coals. Fusinite, micrinite and macrinite are minor 
components in some samples.
The abundance of inertinite in C (C1/C2) seam is slightly higher than that in A 
and B seams and comprises up to 6% in few a samples, averaging 4%. The 
dominant inertinite macerals include semifusinite, inertodetrinite and sclerotinite. 
Semifusinite content ranges from 0.4% to 3%, averaging 2%. Most of the 
semifusinite occurs in thin layer or lenses isolated in a detrovitrinite matrix. 
Inertodetrinite content ranges from 0.5% to 2%, averaging 1%.. It is evenly 
disseminated throughout the coals. Sclerotinite, including single and bilocular 
teleutospores, constitutes from 0.3% to 2%, averaging 0.8%.
Figure 5.4. shows the maceral composition of Banko Barat coals.
5.2.4. Mineral matter
Mineral matter is rare in Banko Barat coal, ranging from 0.2% to 6%, averaging 
2%. The mineral matter includes mainly clay and minor pyrite. Clay minerals
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occur as pods and infill cell lumens. In A (A1/A2) seam mineral matter ranges 
from 0.4% to 6%, averaging 2%, in B (B1/B2) seam its ranges from 0.3% to 
5%, averaging 2% and in C (C1/C2) seam it is slightly lower, ranging from 0.2% 
to 5%, averaging 1.5%.
5.3. REFLECTANCE MEASUREMENTS
Mean maximum reflectance (R^max) measurements from telovitrinite, detrovitrinite 
and gelovitrinite are shown in Appendix 2. Values range from 0.34% to 0.54% 
with most values in the range of 0.40% to 0.45%.
The Rvinax values for A1 seam varies from 0.36% to 0.42%, averaging 0.35%; 
most values are between 0.36% and 0.40% (Figure 5.5a) and for A2 seam R^max 
values range from 0.34% to 0.44%, averaging 0.39% with most values in the 
range 0.34% to 0.41% (Figure 5.5b).
For B1 seam, the Rvmax values vary from 0.37% to 0.46%, averaging 0.39%; 
most values are in the range of 0.40% to 0.46% (Figure 5.5c).
Figure 5.5d shows the histogram for the B2 seam. I^max values for this seam 
range from 0.36% to 45%, averaging 0.41%; most values are between 0.40% and 
0.45%.
The Cl seam has Rvmax values ranging from 0.36% to 0.46%, averaging 0.41%. 
Variation of the mean vitrinite reflectance of the C2 seam is almost the same as
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for the C l seam with values between 0.40% and 0.44% common. The average 
Rvinax value for the C2 seam is 0.41%. Figures 5.5e and 5.5f show the 
histograms for Cl and C2 seam. Figure 5.6 shows the reflectance data for all 
samples plotted on the ASTM and Alpem’s Classification. Reflectance values 
above 0.40% indicate a coalification stage close to or in the transition zone to 
sub-bituminous A. Reflectance values less than 0.40% indicate a very low 
coalification level in the transition zone between lignite (brown coal) and sub­
bituminous.
Plots of vitrinite reflectance as a function of depth for each sample from selected 
boreholes in the Banko Barat area are given in Figure 5.7 to 5.12. Generally, 
vitrinite reflectance shows a very slight increase with increasing depth with a 
gradient of 0 (Drillhole BK 12) to 0.07% per 100 m (Drillhole BK 10).
5.4. DISCUSSION
The coal measures of South Sumatra were formed occur mainly in Late Miocene 
to Pliocene. During deposition in the Late Miocene, the sea level dropped as a 
consequence of a world-wide event which was followed by a change to a 
shallower depositional environment - changing from deeper marine to shallow 
marine to paludal and then to deltaic and continental condition. These conditions 
resulted in the whole basin being covered by swampland and marsh and vast 
quantities of plant matter accumulated.
Coalification is the progressive transformation of peat into coal which is
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characterised physically by decreasing porosity and increasing gelification and 
vitrification. Petrographically, an increase in rank is manifested as an increase 
in vitrinite reflectance which, in most Indonesian basins, generally indicates an 
increase in depth of burial or by thermal alteration due to intrusions during 
coalification. For the Banko Barat coals, the increase in vitrinite reflectance 
values obtained from the boreholes (Figures 5.7 to 5.12) increases with depth. 
No evidence was found to suggest that the coal seams were affected by contact 
metamorphism, as is the case with the Bukit Asam coals discussed by Daulay 
(1985) and which occur near the study area.
On a regional scale, the low gradient of up to 0.07% for every 100 m depth in 
the Banko Barat area can be accounted for by either a very low heat flow or the 
heat flow being directed more or less parallel to the coal seams, thus affecting 
both the shallow and the deeper seams with similar intensity.
As can be seen in Figure 5.4, the maceral composition of Banko Barat coal is 
characterised by vitrinite contents in excess of 90%, with minor liptinite and 
inertinite contents of 5% and 4% respectively. The dominance of vitrinite in 
Banko Barat coal is probably related to the climate during the formation of the 
coal. Generally, the coals in the Banko Barat part of the South Sumatra Basin 
formed from forest vegetation in a tropical climate with humid conditions without 
a significant dry period during the formation of coals. This high rain fall climate 
controlled the availability of moisture which promoted plant growth and aided in 
preservation of plant detritus below the water level, thus, effectively reducing 
exposure to an oxygen-rich environment.
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5.4.1. Bitumen and Exsudatinite
Bitumen and exsudatinite are terms which have been used increasingly since the 
use of fluorescence miscroscopy; both terms have been used for varying types of 
organic matter and the literature is somewhat ambiguous. However, generally 
the terms are used to describe natural hydrocarbons or derived hydrocarbon- 
related substances which are secondary materials generated from fossil organic 
matter during diagenesis and catagenesis (Hunt, 1979). Cook and Kantsler (1982) 
added that bitumen is also formed from the degradation of natural crude oils by 
processes of microbial attack, inspissation or water-washing. Exsudatinite was 
accepted by many organic petrologists as a liptinite maceral even though its 
origin was regarded to be secondary and it normally occurs as veins and filling 
cracks, cavities and cell lumens
In this study, bitumen is the term used to describe featureless, formless secondary 
organic matter that adopts the shape of the cavity in which it occurs (Plates 5c 
and 5d). In Banko Barat coals, bitumen is found in coal samples where the 
reflectance ranges from 0.7% to 1% and is mostly associated with resinite (Plates 
5a and 5b).
In this study, exsudatinite is used to describe secondary organic matter that occurs 
in veins, cracks, cavities and cell lumens (Plates 3e, 3f, 3g and 3h). Exsudatinite 
in Banko Barat coals where the reflectance ranges from 0.1% to 0.5%.
In most coal samples studied, bitumen and exsudatinite are not easy to
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distinguish; distinction is usually made on morphology or occurrence (Plates 5e 
and 5f). Both bitumen and exsudatinite have similar properties in terms of 
fluorescence intensity and colour.
Exsudatinite and bitumen has been regarded as derived from resinite (Teichmuller, 
1974; Stach et al., 1982). Cook and Struckmeyer (1986) and Struckmeyer 
(1988) suggested that the origin of exsudatinite and bitumen is more diverse than 
simply an exudate from resinite. Results of the present study indicate that 
resinite probably expels both bitumen and exsudatinite which become entrapped 
in vitrinite macérais (such as telovitrinite, detrovitrinite and gelovitrinite) and 
inertinite macérais (such as fusinite and sclerotinite) which have fractures, pores, 
bedding plane joints and empty cell lumens which have a higher absorption 
capacity. Bitumen and exsudatinite are generated during coalification at the 
beginning of bituminisation from liptinite and perhydrous vitrinite (Teichmuller, 
1989).
5.4.2. Comparison with other coals
A comparison of coal type and rank characteristics between the coals of the 
present study area and other Indonesian coal deposits is based on the data from 
Koesoemadinata (1978), Daulay (1985), Daulay and Cook (1988), Moore 
and Ferm (1988), Pangabean (1991) and Hadiyanto et al., (1992). 
Petrographically, the Indonesian Tertiary coals are divided into three groups, using 
age and rank as the discriminating criteria:
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i. Neogene coals which have vitrinite reflectance ranging from 0.3% to 0.57% 
and vitrinite contents ranging from 75% to 96%;
ii. Paleogene coals which have vitrinite reflectance between 0.53% to 0.83% and 
have similar vitrinite contents to those of the Neogene coals; and
in. thermally altered coals where the vitrinite reflectance is more than 0.83% with 
the vitrinite content exceeds 85%. .
It should be noted that some of the data used in the following discussion is taken 
from core samples of seams which are at greater depths than presently mined. 
These data are included for completeness.
In general, Banko Barat coals have a similar macérai composition to the majority 
of Indonesian Tertiary coals; indeed there is little variation in the composition of 
the three groups above. All are composed largely of vitrinite with variable 
liptinite contents and rare to sparse inertinite (Figure 5.14.). The dominant 
macérais are mostly detrovitrinite and telovitrinite and some minor gelovitrinite. 
In thermally altered coals and in the Paleogene coals, telovitrinite is more 
abundant.
In the Ombilin Paleogene coals (West Sumatra) and in the Bukit Asam (South 
Sumatra Basin) thermally altered coals, liptinite generally cannot be distinguished 
from vitrinite because of the high rank which approaches anthracite in some 
deposits; the coals therefore appear to contain extremely high proportion of 
vitrinite (more than 96%).
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In addition, the Ombilin Paleogene coal has a lower liptinite content in contrast 
with the southeastern Paleogene Kalimantan coals (Barito Basin). On the other 
hand, the Tertiary (Oligocene-Plio-Pleistocene) coals of the West Aceh Basin of 
North Sumatra have significantly higher liptinite content, ranging from 3% to 
19% (Daulay, 1985) and 5% to 35% (Hadiyanto et al, 1992). The abundance of 
inertinite is slightly higher in Neogene coals from East Kalimantan (Kutei Basin) 
compared with other Indonesian Tertiary coals.
Most of the Indonesian coals are derived from ombrogeneous peats (Anderson, 
1963) the development of which is controlled by the climate conditions; the high 
rainfall in the peat swamps promotes plant growth and aids preservation of plant 
debris.
Table 5.1. shows a comparison of geological settings, depositional environments, 
palaeoclimate and flora of Indonesian Basins. The forest type vegetation in a 
humid tropical zone without significant dry event promotes the domination of 
vitrinite maceral in Indonesian Tertiary coals. In Sumatran and West Java coals, 
the proportion of vitrinite increases from Neogene to Paleogene and the liptinite 
content decreases from Neogene to Paleogene. In contrast, in Kalimantan and 
West Aceh Basin coals, the main trend is an increase in the proportion of 
liptinite and a decrease in the proportion of vitrinite from Neogene to Paleogene. 
The high inertinite content in East Kalimantan Neogene coals is probably caused 
by lower subsidence and sedimentation rates and slightly less wet conditions 
during peatification.
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Some differences in the maceral composition probably relate to changes in floral 
characteristics caused by sedimentological changes, a concept that Smith (1968) 
postulated.
Many of these characteristics of Indonesian coals are common to other major 
deposits of Tertiary coals such as those in Germany, Australia and New Zealand.
Indonesian Tertiary coals exhibit a wide range of vitrinite reflectance due to the 
variable tectonic and igneous intrusion factors (Figure 5.15). As mentioned 
previously, the vitrinite reflectance of Indonesian Tertiary coals falls within the 
range 0.30% and 5%. The Banko Barat coals of South Sumatra Basin are lower 
in rank (less than 0.6% Rv max.) than most Indonesian Tertiary coals.
The differences between the Banko Barat coal and other coal deposits in Sumatra 
and Kalimantan can be explained on the basis on the differences in depth of 
burial over a period of time and increased temperatures and pressures related to 
igneous activity which can locally increase the supply of heat and cause increases 
in the rank of nearby coal seams.
In the Muaraenim Formation of the South Sumatra Basin there are many coal 
deposits other than the Banko Barat deposit. Examples include Bukit Asam 
Coalfield, Air Laway Coalfield, Muaratiga Coalfield, Suban and Banjarsari 
Coalfields and Arahan Coalfield. Of these coals, the rank of coals in the Bukit 
Asam Coalfield are considerably higher rank than elsewhere in the South Sumatra 
Basin because the coals are closer to thermal effects of intrusive andesitic
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magmas. The vitrinite reflectance of these thermally altered coals ranges from
0.69% to 2.60% (Figure 5.16) where the higher reflectance are for coals in the 
south of the area, in the vicinity of the andesite intrusion.
Elsewhere, vitrinite reflectance decreases gradually (R^max ranges from 0.35% to 
0.5%) to the west (Air Laway, Muaratiga Coalfields) and to the Northwest 
(Banko Barat Coalfield) of Bukit Asam. This is because the andesitic intrusions 
are small, plug-like bodies and the effect of the major intrusions is effectively 
within an area of little more than six square kilometres (Mannhardt, 1918 ; 
Melvin, 1975 ; Matasak and Kendarsi, 1980). Some intrusions described, such 
as the Bukit Asam intrusion, are part of a large single intrusion which is situated 
about ten kilometres southwest of Bukit Asam.
Compared with the coals of Ombilin Basin (West Sumatra) the Banko Barat coals 
have a lower rank. The rank of Ombilin coal is high volatile bituminous coal 
and the vitrinite reflectance varies from 0.62% to 0.77%. The Ombilin coal was 
deposited in a Paleogene intramontane basin which is exposed along the mountain 
range of the inner volcanic-arch which developed in the early Tertiary. Coal 
seams in this basin were deposited in lacustrine, fluvial and alluvial plain deposit 
environments and are interbedded with shore deposits. In contrast, the Banko 
Barat coals were deposited in a Neogene basin which is superimposed on a 
Paleogene intramontane basins and separated from the intramontane basin 
sedimentary rocks by an unconformity (Figure 4.2.).
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5.6. SUMMARY
Vitrinite is the dominant macérai group in Banko Barat coals with detrovitrinite 
the most significant macérai subgroup in most coals, followed by telovitrinite and 
minor gelovitrinite. Resinite is most the dominant liptinite macérai although 
suberinite and cutinite are dominant in some occurrences. Sporinite is common 
and fluorinite and exsudatinite are rare.
Semifusinite is the dominant inertinite macérai with inertodetrinite and sclerotinite 
being relatively abundant while micrinite and fusinite are rare.
Vitrinite reflectance increases only slightly from top of the sequences to the 
bottom and reflects the increase in depth of burial.
A comparison between the Banko Barat coal and other Indonesian Tertiary coals 
indicates that macérai compositions in the majority of coals is very similar. All 
contain abundant vitrinite, common to relatively abundant liptinite and minor 
inertinite content. Depositional environment, climate and plant types are 
responsible for these differences in coal composition. The differences in coal 
rank are related to depth of burial, age and the proximity to igneous intrusions.
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CHAPTER S I X
CHEMICAL ANALYSIS
6.1. INTRODUCTION
Coal quality has a direct relationship with boiler performance, pollution potential 
and as a consequence of these, power station costs. An examination of coals 
shows that there are a number of basic properties which are specified in 
purchasing coal for electric power generating stations. The properties considered 
to be importance include proximate analysis, ultimate analysis, specific energy, 
Hardgrove Grindability Index (HGI), and ash properties.
Proximate analysis provides relative data relating to ignition or burning 
characteristics and the impact of ash content on furnace design, erosion and 
corrosion of furnaces and fly ash problems. Ultimate analysis data are used in 
combustion calculations to determine heat losses, boiler efficiency and overall 
plant thermal efficiency. Specific energy and HGI are used in preliminary 
evaluation purposes.
In this chapter the chemical data are discusses and the relationship between 
chemical analysis and petrographic analysis is used to assess the utilisation 
potential of the coal.
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6.2. PROXIMATE ANALYSES
Proximate analysis characterises coal using four parameters (on a percent by 
weight basis), moisture (total moisture), ash content, volatile matter and fixed 
carbon. Detailed proximate analysis data are shown in Appendix 3 and Table
4.1. summarises proximate analysis data, on a seam by seam basis, of Banko 
Barat coals. •
The total moisture of coal in all parts of the Banko Barat area, such as in the 
north-northwest area (BK 07 to 13 and 23), the centre area (BK 2 to 6 and 
25), an area south of the centre (BK 1, 22, 21 and 20) and a south area (BK 
14 to 19 and 24), is almost the same throughout the seams (Table 6.1).
In the north-northwest area, the average total moisture ranges between 23% and 
25%, averaging 24%, in the centre area it varies from 25% to 27%, averaging 
26%, in the south Central area values are between 22% and 25%, averaging 24% 
and in the south area the range is 24% to 27%, averaging 26%. The overall 
average total moisture for all Banko Barat coals is 25%.
Table 6.2. summaries the ash data according to seams. In A1 seam, the ash 
ranges from 5% to 32% with an average of 14%, increasing toward the southwest 
with a strong increase down-dip to the west with maxima over 20%. The A2 
seam is a medium ash coal, with ash values ranging from 4% to 12%, averaging 
8%. The B1 and B2 seams, typically have 6.4% to 11.1% with some higher 
values encountered in B2 seam. In C1/C2 seams, ash content ranges from 5%
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to 20%, average of 9%, with some higher ash coals were encountered in some 
boreholes.
Fixed carbon and volatile matter in Banko Barat coals do not show significant 
differences between seams (Table 4.1 and Table 6.3). In A (A1/A2) seam, 
fixed carbon ranges from 48% to 53%, averaging 50%, in B (B1/B2) seam, the 
fixed carbon is slightly higher ranging from 49% to 54%, averaging 51% and in 
C (C1/C2) seam values vary from 49% to 54%, averaging 52%. The average 
values for all Banko Barat samples is 51%.
Fixed carbon and volatile matter generally exhibit an inverse relationship with 
each other with the higher the rank of coal, the higher the fixed carbon content. 
In Banko Barat coals differences in volatile matter between the seams is small. 
In the A (A1/A2) seam, the values are in the range 48% and 52%, averaging 
50%, in B (B1/B2) seam, the volatile matter is 47% to 51%, averaging 48% and 
in C (C1/C2) seam, volatile matter ranges between 46% and 51%, averaging 
48%. The average volatile matter content for all samples is 48%.
63 . ULTIMATE ANALYSES
The results of the ultimate analysis obtained from 25 boreholes are shown in 
Appendix 4. Table 6.4. gives a summary of ultimate analysis data according to 
seam. Variations within seams are relatively small; there is only a slight increase 
in carbon (C) content, and corresponding decrease in oxygen (O), from the 
youngest A1 seam to the older C seam. This change is depth related and
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therefore probably a function of rank.
Some areas, such as around boreholes BK 1 to 3 and BK 7 to 12 show carbon 
contents approximately 0.5% to 1% higher than the mean and with 
correspondingly lower oxygen. Once again the increase in carbon content appears 
to be a rank-related relationship.
As shown in Table 6.4, sulphur content in Banko Barat coals is elevated in the 
B2 and Cl seams and also in certain places in the A1 seam (southwestern area). 
The sulphur is present mostly as organic sulphur which accounts for 80% to 90% 
of the total sulphur. Pyritic sulphur is only a minor component, accounting for 
3% to 20% of the sulphur and inorganic sulphate constitutes an even smaller 
component.
6.4. COMBUSTION ANALYSIS
Combustion analysis involves reviewing specific energy, grindability and ash 
properties. These data are presented in Appendix 3 (specific energy and 
Hardgrove Grindability Index) and Appendix 5 (ash).
6.4.1. Specific energy
In this study, specific energy is given as the gross calorific value, calculated on 
a dry ash free basis (dafb). The average gross calorific value was 5524.50 
kcal/kg (20 MJ/kg) with a range of 5118 to 5636 kcal/kg (21.50 to 24 MJ/kg).
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Note : 1 kcal/kg = 0.0041868 MJ/kg.
Figure 6.1. shows the net calorific values for A1 seam. In the northern part 
(north of 9581.000 m N), the calorific value is about 4538 kcal/kg (19 MJ/kg) 
and the value decreases towards the south and southeast to between 3358.5 to 
3822 kcal/kg and 4060 kcal/kg respectively, in line with the elevated ash yield 
and deteriorating seam properties.
Figure 6.2. illustrates the calorific values of A2 seam and shows that the areas 
which have greater than 4777 kcal/kg (20 MJ/kg) are in north and south of the 
centre area. Elsewhere, the value is approximately 4538 kcal/kg (19 MJ/kg).
The calorific values for Bl/B seam show high net calorific values above 4777 
kcal/kg (20 MJ/kg) and up to 4920 kcal/kg (20.6 MJ/kg) are found in most areas 
(Fig. 6.3); lower values between 4538 kcal/kg (19 MJ/kg) and 4777 kcal/kg (20 
MJ/kg) are found in the southern area (BK 14-20).
The net calorific values of B2 seam have a more varied pattern, but are mostly 
from 4538 to 4550 kcal/kg (Figure 6.4.). Cl/C seam has high values in north 
of the split line (Figure 6.5.) with net calorific values ranging from 4900 to 5016 
kcal/kg (20.5 to 21 MJ/kg). To the south, the values are often as low as 4060 
kcal/kg (17 MJ/kg) and have a patchy pattern. The data for C2 seam, given in 
Figure 6.6, has a net values of 4538 kcal/kg (19 MJ/kg) up to 5016 kcal/kg (21 
MJ/kg) and this positively correlates with moisture content.
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6.4.2. Hardgrove Grindability Index
Coal grindability is related to hardness, strength, tenacity, and fracture (Yancey 
and Geer, 1945). Data for the grindability of coals for the present study was 
obtained by the Hardgrove method (Hardgrove Grindability Index, HGI) using 
air dry seam composite samples; results are shown in Appendix 3.
Coals of A1 seam is generally slightly harder than those of A2, B and C seams 
and have values ranging between 31 and 42 Hardgrove units, averaging 37 
Hardgrove units. The slightly harder nature of A1 seam is probably due to its 
higher ash content because the differences in maceral composition and rank 
between the seams is very small as discussed above. It has been reported that 
lenses and layers of silicified sandstone are found in the overburden directly 
above the upper part of the A1 seam and if this material was incorporated into 
the coal during mining or sampling for this study, this would also contribute to 
the increased hardness.
The HGI of the A2 seam ranges from 44 to 60, averaging 47 Hardgrove units, 
for Bl/B seam the range is from 46 to 59, averaging 50, for B2 seam it is a 
range of 49 to 68, averaging 54 Hardgrove units and for C (C1/C2) seam, which 
is slightly harder than B (B1/B2) seam, the range is between 42 and 57 and 
averages 47 Hardgrove units. It should be noted that lenses and nodules of 
silicified sandstones commonly occur in interburden between B and C seams.
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6.4.3. Ash Properties
Ash is primarily composed of compounds of silicon (given in the ash as the 
percentage of SiOJ, aluminium (A120 3), iron (F e ^ ) , calcium (CaO) and to lesser 
extent titanium (TiOJ, manganese (Mn30 4), sodium (Na^O) and potassium (K^O). 
Minor elements such as arsenic, copper, lead, nickel, zinc and uranium may be 
present either as primary trace elements or be derived from adventitious water 
leaching. Other compounds, apart from silicates, which may be found in coal 
include oxides, sulphides, sulphates and phosphates.
Ash properties vary widely at Banko Barat (Appendix 5 and Table 6.5). In 
Banko Barat coals silicon (SiOJ is a component of the clay mineral kaolinite, 
detrital quartz grains and silica impregnations and veins. Aluminium (A120 3) 
is almost entirely bound in kaolinite as this is the only clay mineral found in 
the coal.
Si02 is abundant throughout the coal seams, typically comprising 65 to 70% of 
the coal ash however, in A2 and B2 seams the values reach up to 85% but 
A120 3 values are correspondingly lower. This is caused by the layers of silicified 
coal which are commonly found as a 0.2 to 0.5 m thick hard layer on top of the 
A2 seam and zones of silicification which are typical within these seams. The 
other seams mosdy show Si02 contents of around 50% (range of 45 to 55%) and 
A120 3 of around 25% (20 to 35%). The C seams have similar A120 3 values but 
Si02 is lower, approximately 40%. Potassium and titanium also appear to be 
constituents of the clay minerals. Banko Barat coal contains 0.2% to 0.5% K20  
with no recognisable correlation with other elements. Titanium constitutes
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mostly 0.5 to 1% except for the A2 seam where it is lower, possibly correlating 
with the lower A120 3 values.
Phosphorus (P20 5) is most probably tied to calcium (CaO) and possibly to iron 
(Fe20 3), possibly in the form of phosphorite. Ash analysis results show the 
coal contains 0.1 to 0.6% phosphorus with lowest values in A1 seam. Values 
for Fe20 3 vary from 1% to 15%, but generally values are within the range of 3 
to 4% with higher values more often than not in Cl seam.
The average CaO content is between 2% and 3%, MgO between 1% and 2%, 
and Mn30 4 is low throughout the seams and always less than 0.1%. N a ^  values 
are in the range of 4.5% to 6% over the whole deposit. In general, Na20 values 
appear to increase from outcrop (eastern side) towards the west, or downdip 
within the present study area (Figure 3.1.). Attention has to be given to the 
high sodium contents because this element can cause fouling and slagging 
problems in furnaces during combustion and thus reducing boiler efficiency.
Ash fusion temperatures, which describe the softening and melting characteristics 
of ash and are regularly measured under both reducing and oxidising conditions, 
fall within the range 1000 to 1600 °C. According to Ranee (1975), coals with 
high fusion temperatures greater than 1350 °C are particularly suited to operations 
involving dry ash removal systems whereas coals with ash fusion temperature less 
than 1300 °C, are particularly suitable to liquid (or wet) ash removal systems. 
The latter method would appear to be better suited to the Banko Barat coals as 
most ash fusión temperatures are in the range of 1000 to 1300°C with only a 
small number above the latter value.
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6.5. RELATIONSHIP BETWEEN PETROGRAPHY AND CHEMISTRY 
OF BANKO BARAT COALS
Vitrinite reflectance has an inverse correlation with the volatile matter content 
(Figure 6.7). Reflectance values appear to vary irregularly over a rather wide 
range for a narrow variation range in volatile matter. From Figure 6.7 it can 
be seen that volatile matter tends to decrease from a value of 50% to values 
close to 47% with an increase of vitrinite reflectance suggesting a vitrinite 
reflectance increase by 0.01% for every 0.04% volatile matter decrease. Thus, 
for the low rank Banko Barat coal, the volatile matter decreases only slightly 
with an increase of vitrinite reflectance.
The average gross calorific values were found to range from 5118 kcal/kg (21.5 
MJ/kg) to 5636 kcal/kg (24 MJ/kg) with the calorific value increasing with 
increasing vitrinite reflectance; The increase is approximately 115.4 kcal/kg (0.5 
MJ/kg) for every 0.01% Rvmax. increase (Figure 6.8.).
Figures 6.9a., 6.9b. and 6.9c. show the correlation between calorific value and 
vitrinite contents, calorific value and liptinite contents and calorific value and 
inertinite content respectively. The parameters were calculated from the average 
values according to seam. From the figures, it can be seen that calorific values 
decreases with increasing vitrinite contents and correspondingly with increasing 
liptinite and inertinite. The calorific value increases by approximately 60 kcal/kg 
(2.5 MJ/kg) for every 0.16% of vitrinite decrease or correspondingly the calorific
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value increases 24 kcal/kg (0.1 MJ/kg) for every 0.1% increases of liptinite 
content and 60 kcal/kg (0.25 MJ/kg) for every 0.1% of inertinite increase.
These relationship confirm that, in general, the maceral composition in the low 
rank Banko Barat coals can be used as an indicator of calorific value for 
utilisation purposes.
In Figure 6.10. the average carbon content of coals in Banko Barat is plotted 
against mean vitrinite reflectance. It shows a good relationship between 
reflectance and carbon content indicating that the low rank Banko Barat coals 
follow the predicted graphs given in most texts. Vitrinite reflectance increases 
by 0.01% for every 0.26% carbon content.
A linear correlations between vitrinite reflectance and carbon content for low 
rank coals (70% to 80% dry ash free carbon) has also been reported by 
McCartney and Teichmuller (1972). They came to the conclusion that the 
variation in carbon content is much wider than the variation in reflectance and 
suggested that carbon content is a better rank criterion than reflectance for sub­
bituminous coals and lignite.
The correlation between carbon content and calorific value for the Banko Barat 
coal is shown in Figure 6.11. The graph shows the calorific value tends to 
increase with an increases in carbon content with the highest values in Bl/B 
seam.
In terms of Hardgrove Grindability Index (HGI), generally an increase in rank
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would be accompanied by an increase in the HGI, that is, easier grinding with 
an increase in rank. In this context, vitrinite reflectance and maceral composition 
can be used as a predictors of HGI. According to Hower and Wild (1988), for 
the high volatile bituminous coal the HGI should increase by 2 HGI units for 
every 0.1% increase in R^max.
In the present study, the average HGI values range from 37 to 54 Hardgrove 
units and the range of vitrinite reflectance between 0.30% and 0.54%. Thus, 
for the low rank Banko Barat coals, the HGI increases by 17 units for 0.24% 
R^max or approximately 8 HGI units for every 0.1% R^max increase or 
approximately twice that found by Hower and Wild.
The relationship between HGI and vitrinite content for the Banko Barat coal is 
shown in Figure 6.12. From this figure, it can be seen that there is a tendency 
for the HGI to increase as the percentage of vitrinite decreases but moisture is 
likely to be a contributing factor. The HGI has a minimum value of about 37 
and rises gradually with the decrease in the vitrinite content. It can also be seen, 
that among the seams, coals of B2 seam has the highest average HGI value of 
55 and has the lowest average vitrinite content (90%). Similarly, coals of Bl/B 
seam have a higher average HGI than that of the A2 seam with the vitrinite 
content averaging 90% and 91% respectively. The Cl and C2 seams are much 
softer than coals of A1 seam and the percentage of vitrinite is 90%, lower than 
that in coals of A1 seam (92%).
For the low rank Banko Barat coal, the relationship between HGI and liptinite 
macerals show that the grindability index increases as liptinite (which is mostly
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resinite, suberinite, cutinite and sporinite) increases. The average liptinite content 
shows an increase of 17 HGI units (from 37 to 54) for a change in liptinite from 
4% to a high of 6% (Figure 6.13).
This is the same trend for fusinite and semifusinite plotted against HGI (Figure 
6.14a and 6.14b) although the data are very scattered. The HGI values increases 
of 17 HGI units as the fusinite and semifusinite content changes from 0.57% to 
0.73% and 1% to 1.5% respectively. In contrast, for micrinite HGI decreases as 
the micrinite content increases (Figure 6.14c.), decreasing by 17 units for a 
change in micrinite content from 0.1% to 0.21%.
The percentage of mineral matter in coals from Banko Barat ranges from 0.3% 
to 10.38% (Appendix 3). From petrographic analysis, clay minerals are the most 
commonly recognised mineral matter in more than 85% of the samples. The 
remaining mineral matter is pyrite, carbonates and iron oxides. Figure 6.15. 
shows, in general, that the HGI value is relatively higher as the percentage of 
mineral matter increases as would be expected. Thus, the higher the mineral 
matter in coal, the higher the ash yield (Figure 6.16) and the lower the HGI.
The hardest coal in Banko Barat is from the A1 and Cl seams and it these coals 
that have the highest ash yield. Consequently, these coals have the lowest HGI 
values and the coals are harder to grind.
6.6. DISCUSSION ,
Before the construction of any power station plant, it is necessary to ensure that
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the properties of the coal are within the range of the design requirement. Table
6.6. illustrates the characteristics of coal which affect the design of the power 
station equipment, in terms of capacity ratings, size and the type of plant.
The Banko Barat coal is relatively low total moisture content, ash and sulphur 
content, but relatively high volatile matter, relatively high calorific value and is 
of medium hardness. Chemical characteristics of the coal, such as moisture 
content, reduces boiler efficiency; the higher the moisture content in the coal, 
the higher the loss of heat during combustion. According to figures given by 
Baker and Juniper (1982), Banko Barat coals, with moisture contents in the range 
of 21% to 28% and averaging 25%, would reduce the boiler efficiency to 
approximately 80%, compared with higher rank coal which have lower moisture 
contents; likewise there would be an efficiency of only 90% that of higher rank 
coals given the gross specific energy of the Banko Barat coals. Where coals 
have a high moisture content of more than 60%, the boiler efficiency would be 
reduced below 70%.
Loss of boiler efficiency directly affects the energy input and therefore the 
tonnage of coal required to achieve the same nominal electrical output from the 
power station.
High moisture coals are also difficult to ignite as the moisture must be removed 
before the coal is fed into the furnace so as to allow particle ignition. For coals 
having moisture contents up to 30% or 40%, larger air heaters are employed, so 
that more heat is available in the mills to evaporate the moisture from the coal. 
For coals with moisture contents up to 70% much more heat is required to
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evaporate the moisture from the coal. Consequently, the efficiency of the power 
station in terms of cost per unit of run-of-mine coal is reduced because of the 
cost of removing moisture.
Johnson (1983), used a method that required high temperature flue gas from 
the furnace to dry the coal in a hammer or beater-type mill. Due to the higher 
inlet mass flow of the evaporated water and recycled flue gas, flame temperatures 
are lower because of the extra inert loading.
Ash from the Banko Barat coals ranges from 7% to 14% (averaging 9%) but 
more importantly, shows an increase in sodium content with increasing depth. 
At shallower depths very low sodium oxide levels are found (probably related 
to leaching) but below 40 m depth, the sodium content in ash is more than 6% 
(Appendix 5 gives the concentration of sodium oxide in the ash and Appendix 
2 gives depth).
Possible difficulties arise when burning high sodium coals in the power stations. 
High sodium, especially in the form of sodium chloride (NaCl), gives rise to 
serious fouling and slagging which reduces boiler efficiency.
Boyd (1986) stated that to alleviate excessive furnace slagging, several conditions 
may affect be put into practice:
i. reduction in load - lowers furnace gas temperatures and the likelihood 
of slagging;
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ii. high excess air and good mixing of gases - limits extent of gas pockets
with a reduced (oxygen-poor) atmospheres which encourage slagging; 
and,
iii. sudden load reductions - results in thermal shocks which promote
shedding of slag deposits from the furnace walls.
The elemental analysis data of ash for the present study samples (Appendix 5 
and Table 6.5), shows that additional NaCl is not formed when the coals are 
ashed which is a positive aspect of the Banko Barat coals given their high initial 
sodium content. Engel (1985) mentioned if there was fusion of rock salt (NaCl) 
during combustion, the fusion point would be at approximately 801 to 804°C. 
Thus the ash fusion temperatures of the Banko barat coals also indicate no 
formation of sodium chloride during combustion.
Slagging sodium compounds are though to form under the following mechanism. 
NaCl evaporates at temperature 1465°C. However, Na^O and S03 form Na2S04 
which originates in the flame from sodium humates through reactions with 
sulphur. The Na^C^ evaporates because of the high temperatures in the 
combustion chamber, but sublimes later, which leads to slagging on the 
convection heating surfaces, quite often even in the regenerative air heater. The 
Na^O and Si20  compounds, which are called water glass substances, eutectically 
fuse into one another from 750°C onwards. Such compounds can be expected 
if a lot of salt is deposited on the heating surfaces, apart from the alkalies.
In terms of volatile matter, Boyd (1986) explained that coal with the volatile
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matter below 25% (dry ash free basis) is categorised into the low volatile coal. 
With coal of this type the ignition temperature is more difficult because they 
contain lesser amounts of combustible gases and vapours which aid ignition. 
Volatile matter in Banko Barat coal ranges from 47% to 49% (dafb), averaging 
48%, and thus, the Banko Barat coals are high volatile coals which produce a 
greater proportion of their weight as combustible gases and vapours upon 
introduction into the furnace. This promotes easier ignition, higher coal 
temperatures and resulting faster burnout of the carbon residue. Coal with a 
higher volatile content can be burnt on short flame turbulent burners situated in 
the front or side walls of the furnace, with the whole of the combustion air 
passing through the burner (Ranee, 1975).
When low volatile coal is burned, the conventional firing arrangements may be 
used, but the following conditions should be considered:
i. finer grinding of the coal causing faster ignition and bum out;
ii. with preheating the primary air stream to higher temperatures it is 
easier to maintain the ignition temperature; and,
iii. reduced turbulence results in the volatile heat release remaining in the 
combustion zone thus promoting particle ignition (Wilson et al, 1983).
The Hardgrove Grindability Index (HGI) is dependent upon both breakage and 
the operation of the equipment used, is influenced by the rank, the petrographic 
composition and the type and distribution of minerals (Lawrence, 1978) in the
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coal. Fitton et al. (1957) stated that some British coals become more difficult 
to grind as the ash yield increases, whereas other British coals grind more easily 
with increasing ash yield.
In Banko Barat, Al seam coal has a highest ash content (14% average) compared 
to other seams (less than 10% average) and as expected, the Al seam coal has 
the lowest HGI value (37 HGI units). However, ash yield does not exert a 
primary effect on the grindability because it is the type of mineral matter that is 
the main determining factor.
With regard to coals with vitrinite contents of more than 90% and mineral matter 
of less than 10%, rank parameters are sufficient to predict grindability (Hsieh, 
1976). Chandra and Maitra (1976) stated that for coals with greater than 5% 
mineral matter content, the HGIs fall without any appreciable change in the 
vitrinite percentage. On the contrary, for coals that contain no mineral matter, 
the HGI falls with an increasing vitrinite content. For high volatile bituminous 
coals with a mineral matter contents of more than 10%, the HGI falls rapidly 
with the decrease in vitrinite content and attains a minimum value (Chandra and 
Maitra, 1976).
Figure 6.12. shows that Banko Barat coal with vitrinite contents of more than 
90% and low mineral matter content (less than 10%), the percentage of vitrinite 
changes only slightly with the relatively large changes in the HGI. The effects 
of liptinite and inertinite are shown in Figures 6.13 and 6.14.
Of note is that the small amounts of inertinite (fusinite and semifusinite in 
particular) increases the value of the HGI.
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6.7. SUMMARY
The coal quality determined from the coal samples by proximate analysis varies, 
even though only slightly, from north to south, as well as with increasing depth 
and from one seam to another. The average moisture content for the individual 
seams ranges from 23% to 27%, averaging 25%. The average ash varies 
between 8% in the A2 seam and 14% in the A1 seam. The gross calorific 
values range from 5118 to 5636 kcal/kg (21.5 to 24 MJ/kg) with an average 
5524.5 kcal/kg (20.5 MJ/kg).
Ultimate analyses show the coals are hydrogen-rich, averaging 5% (daf) and 
with oxygen contents between 16% and 18% with the balance being carbon 
which ranges from 74% to 76%, averaging 76%. Sulphur amounts to less than 
1%, of which the organic sulphur is dominant. Nitrogen accounted for less than 
1% on average.
The grindability is typically 49 +/- 5 Hardgrove units for the A2, B l, B2, Cl 
and C2 seams with A1 seam slightly harder with a grindability of 37 Hardgrove 
units. These values indicate that the coal is a hard coal which tends not to 
generate a lot of dust or fines during mining, crushing and coal handling.
The sodium content in ash is slightly high and increases steadily from the outcrop 
down dip. In the deeper parts of the deposit, sodium is in excess of 6% whereas 
values range from 1% to 3% in the shallower parts of the deposit. Highest 
sodium content is found in seams of A2 and Bl.
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Most properties of the coals can be explained in terms of the petrographic 
composition and both petrographic data and coal property data for the low rank 






One of the important areas in which new technologies have to be applied is 
direct coal utilisation by combustion for steam power generation. The 
application of petrology to combustion characterisation shows that the 
behaviour of coal during combustion processes depends on the type and 
abundance of the macerals present. The characteristics of coal supplied has a 
contribution to make in ensuring high plant efficiency. Of the characteristics, 
the quantity and composition of ash has the most significant effect on design 
requirements of power stations.
The combustion of coal as an energy source in power station produces several 
atmospheric pollutants considered as potential environmental hazards. Air 





7.2. POSSIBILITIES OF UTILISING BANKO BARAT COAL FOR 
SURALAYA POWER GENERATION.
The combustion chambers of Suralaya steam generator have been designed for 
burning coal from Air Laya mine which produces coal from the Muaraenim 
Formation of South Sumatra Basin, the location of which is shown in Figure
1.1. The characteristics of coal which are suitable for the boilers in the 
Suralaya power station are shown in Appendix 6. Figure 7.1. shows the 
furnace dimensions of Suralaya power station. The boiler contain 35 burners 
which are 18.06 m wide by 12.80 m deep and 64 m high from the centre line 
of the lowest furnace wall headers. The front wall is necked in 12.802 m to 
10.363 m at the furnace exit. The burners are opposite one another on the 
same burner axis. The flames therefore strike one another in the middle at 
high velocity which results in temperatures exceeding 1500PC within the core 
of the flame. The maximum heat release rate can be expected to be 250,000 
kcal/m2h and therefore giving a higher temperature on the welded walls and 
on the frame between the tubes of the welded walls.
As mentioned previously, the Banko Barat coal contains predominantly vitrinite 
(up to 91%), variable liptinite (averaging 6%) and rare inertinite (less than 
5%), relatively low total moisture (averaging 25%), low ash (averaging 9%), 
low sulphur (less than 1%), relatively high volatile matter (averaging 48%), 
relatively high calorific value and medium hardness.
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In relation to the boiler performance the three maceral groups in the coal have 
different chemical and physical properties. Vitrinite and liptinite contain more 
oxygen and hydrogen respectively than inertinite and are likely to be more 
reactive than inertinite which has more carbon. Liptinite has the greatest 
amount of volatile matter up to 66.7% compared to 35.2% in the vitrinite and 
12.9% in the inertinite (Sanyal, 1983).
The Banko Barat coals have a higher proportion of reactive macerals than 
inert macerals. Using coals with a high proportion of reactive macerals, the 
combustion is completed earlier than that with coal containing a high inert 
content. Vitrinite and liptinite promote good ignition and burnt-out whereas 
inertinite does not. As a result, the temperature of flue gas from highly inert 
coals is higher than the flue gas temperature from highly reactive coals.
In terms of ash content, Banko Barat coals contain high sodium levels 
(Appendix 5) particularly in the lower seams (B2 and Cl seams). High 
sodium commonly leads to problems with utility boilers because severe fouling 
and slagging can occur. Engel (1985) pointed out that fouling is a deposit 
consisting of a fused mass or partially fused mass which is formed at 
temperatures of greater than 1000°C. Slagging consists of loose to sintered 
drifts of dust in the flue gas when the temperature range is less than 1000°C 
and consequently occurs predominantly on the convection heating surface areas 
of large steam generators.
Figure 7.2. shows the fouling process in the welded walls in the combustion
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chamber. The first deposits coated on the tubes and bridges between the 
tubes are very thin powders but they have a high isolation effect. The surface 
temperature rises and is followed by steamed alkali compounds which are 
deposited towards the outside.
A continued rise in the surface temperature is then followed by an 
agglomeration of mineral matter. The surface temperature rises again, 
gradually, after the deposition of this mineral matter. This is followed by 
sintered minerals and then melting of the minerals. With this condition the 
heat absorption in the combustion chamber drops to a minimum value. 
Consequently, the steam generator must be shut down and cleaned.
Larger furnace dimensions are needed if high sodium coals, and therefore the 
Banko Barat coals, are to be burned in power stations (Engel, 1985). The 
cross section of the chamber in Suralaya power station would appear to have 
been designed such that it is too small for burning coal from Banko Barat and 
above all the burner belt heat release is too high. A comparison of such 
values with recommended figures for combustion chambers is shown in Table
7.1. and Figure 7.3A. and 7.3B.
The installation of water soot-blowers in the recommended combustion 
chamber is indispensable, to ensure that from the beginning of the operation of 
the steam generators the walls will be kept clean. The water soot-blower is 
inserted into the combustion chamber where it immediately begins to spray the 
welded walls with water. The central nozzle gyrates under variable water
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pressure and then the welded walls are cleaned of the deposits.
K-OG (1985) suggested that the combustion chamber should be designed as a 
square (Figure 7.3B.). The ratio between length and width should range 
between 1:1 to 1 : 1.1 and combustion should take place by comer or 
tangential firing (Figure 7.4A and 7.4B). Additionally, the walls in the 
combustion chamber would be available for the installation of water soot­
blowers. Figure 7.5. shows the recommended design of water soot-blowers.
7.3. ENVIRONMENTAL CONSIDERATIONS
Nitrogen oxides, sulphur oxides and particulate matter are the three forms of 
atmospheric pollutants which could arise from the burning of coal in the 
power station. Nitrogen oxides are produced from both nitrogen in the coal 
and in the air by a complex series of incomplete chemical reactions within the 
flame environment. Sulphur oxides arise from oxidation of the sulphur 
contained in the coal and during the combustion process all the sulphur in the 
coal is converted to oxides. Particulate matter is released as smoke during the 
burning of coal which contains many poorly combustible substances. The fine 
grained particulate matter which has a size under 20 um creates greater 
problems than the coarse particulate sizes. The small particles may cause 




Nitrogen oxides can be divided into nitric oxide (NO), nitrogen dioxide (NOJ 
and nitrous oxide (N20). Only the first two are significant air pollutants. 
Nitrogen oxides arise from two sources - the oxidation of nitrogen in the air 
(thermal nitric oxide) and the oxidation of nitrogen contained in the coal (fuel 
nitric oxide). Thermal nitrogen oxide arises from the high activation energy 
and the rate of production can be calculated at about 10 ppm at 1400°C (Pohl 
et al, 1987). In a pulverised coal flame, typical levels of nitrogen oxide have 
been shown to be 100 to 200 ppm (Pershing and Wendt, 1976). The levels of 
nitrogen oxide is higher when the temperatures increase.
The main way to control the amount of thermal nitrogen oxide is to keep the 
peak flame temperature below 1500 to 1550°C (Pohl et al., 1987) because 
conversion of nitrogen in the coal to nitrogen oxides in the air is highly 
temperature dependent and proceeds rapidly above 1650°C.
The fuel nitrogen oxide is produced in two forms - volatile nitrogen and char 
nitrogen. In a pulverised coal flame, the volatile nitrogen contributes 60% to 
80% of the fuel nitrogen oxide. The conversion of nitrogen to nitrogen 
oxides is estimated between 25% and 60% efficient (Pohl et al., 1976 and 
Chen et al., 1985).
7.3.I.2. Nitrogen oxides emissions
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In coal-fired boilers there are two main methods of firing which emit nitrogen 
oxides - front wall firing and corner or tangential firing. In the front wall 
firing method, the burners are mounted in rows along one or opposite boiler 
walls and in tangential firing the burners are contained in columns located at 
the comers of the boiler. Allen (1989) showed that the comer firing system is 
an inherently lower nitrogen oxide producer than the wall fired system and the 
tendency for nitrogen oxide production increases with boiler size.
Table 7.2. shows the types of boiler firing which emit typical quantities of 
nitrogen oxide. The level of nitrogen oxide from utility boilers has been 
found to vary considerably with fuel type (Table 7.3.), of which coal has the 
biggest quantity of nitrogen oxide emissions.
To reduce nitrogen oxide emissions, two stages of combustion need to be 
introduced. In the two-stage combustion system, some 90 to 95% of the 
stoichiometric air requirement is introduced at the burner with the fuel 
(Doutty, 1986). This yields a comparatively low flame temperature and 
reducing conditions which do not favour nitrogen oxide formation. 
Furthermore, Doutty reported in the front wall firing system, the two stage 
combustion method can reduce the nitrogen oxide emission by 50% compared 
with the single-stage combustion.
In Australia, the Environmental Council (1985) issued guidelines that the 
ambient standard for the emissions of nitrogen oxide from coal-fired steam 
generators should not exceed 650 ppm (0.8 g/nm3). In the USA, the ambient
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standard is 600 ppm (0.74 g/nm3).
7.3.13. Effects of Nitrogen Oxides.
Nitrogen can be differentiated into two categories, natural sources and man­
made sources. Naturally-sourced nitrogen is more abundant than man-made 
nitrogen and it accounts for more than .90% of global nitrogen oxides 
(Norman, 1979), of which nitrous oxide is the most abundant. It is not 
considered a pollutant because it is only found in low ambient concentrations.
The concentrations of man-made nitrogen oxides are often large compared to 
background ambient levels and are oxide precursors which enter into the 
photochemical reactions leading to air pollution. Most deleterious effects of 
nitrogen oxides are on living organisms such as vegetation, animals including 
humans where health is also a significant problem.
Nitrogen oxides enter vegetation through the stomata or pores in the leaves 
and is changed from gaseous to aqueous form. The nitrogen oxide alters the 
pH of the cellular milieu and reacts with cellular constituents leading to 
altered metabolism, ultrastructural changes, and reduced photosynthesis 
(National Academy of Sciences, 1977). All of these effects become more 
pronounced at progressively higher levels of biological organisation. 
Premature senescence, chlorosis, necrosis, or abscission of leaves affect the 
entire plant causing reduced growth or reproduction and even death of 
individual plants or entire plant communities.
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Effects of nitrogen oxides on animal communities have been shown from 
experiments conducted in the laboratory by The National Academy of Sciences 
(1977). Experiments with animals that used extremely high concentrations of 
nitrogen oxides for short periods or lower concentrations for long periods have 
induced pulmonary diseases and mortality. In this case, concentrations of 
nitrogen oxides up to 0.5 ppm did not affect normal laboratory rats, mice or 
rabbits. However, Hine et al., (1970) reported that in short term exposures (1 
hr) the mortality threshold for those animals was 40 to 50 ppm nitrogen 
oxides. Furthermore, Norman (1979) reported that current levels of 
atmospheric nitrogen oxide have no effect on animal communities. Effects of 
nitrogen oxides to the humans and their health occur when the concentration 
of nitrogen oxides in the atmosphere is above 200 ug m'3 (Holdgate, 1979) 
which can be reached for short periods near coal-fired power station. 
Nitrogen oxide is readily soluble and enters the tissues in the upper part of the 
human airway. Healthy people are not sensitive to nitrogen oxides, but based 
on some experiments, 200 ug m'3 concentrations of nitrogen oxides can cause 
bronchitis and asthma leading to respiratory resistance. World Health
Organisation recommendation is for an upper 1-hour concentration of 320 ug
„ - 3m .
In conclusion, nitrogen oxide on plants cause cell collapse, damage to the 
plastids and irreversible loss of photosynthetic capacity in plants. Experiments 
with animals indicate that very high concentrations of nitrogen oxide are 
required for morbidity or mortality.
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Deleterious effects of nitrogen oxides to the human health occur in the 
respiratory system when the concentration of nitrogen oxide is very high, 
normally when they live near to a source of nitrogen oxide pollution.
7.3.1.4. Nitrogen oxide emissions from Banko Barat coals
Coal typically contains 0.5 to 2% nitrogen with the Banko Barat coals being 
at the middle of this range (with from 1 to 1.4%, averaging 1.2%). The C 
seam contains the highest nitrogen content.
Of the two forms of nitrogen, nitrogen in the coal is the primary source of 
total nitrogen oxide emissions during the combustion of coal in air (Pereira et 
al., 1975).
Estimation of nitrogen oxide emissions from Banko Barat coal can be 
calculated based on worked examples from Wall (1986). For this purpose, the 
calculations use the ultimate analysis data as shown in Table 4.1. Table 7.4. 
is used to calculate the composition of the flue gas. Calculation of the 
theoretical (stoichiometric) volume of air is made assuming that 100 kg of 
Banko Barat coal is burning to produce C02, H20 and S02.
The theoretical air volume is calculated from the 0 2 required (kmol) and 
from Table 7.4. The molecular weight of any ideal gas in kg (1 kmol) for 32 
, kg 0 2 occupies 22.4 m3 and composition of air (by vol.) is 21% 0 2 and 79% 





0 2  required 
(Kg)
0 2  required 
(Kmol)
C 75.55 C+02-C02 75.55*32/12 = 201.575.55*1/12 = 6.29
H 5.43 H20+1/202-H20 5.43*16/2 = 43.5 0.43*1/4 = 1.75
N 1.20 not considered #)
S 0.74 S+02-S02 0.74*32/32 = 0.74 0.74*1/32 = 0.023
0 17.08 - 17.08 - 17.08/32 = - 0.53
TOTAL = 228.7 = 7.13
#) - Note that approximately 30% of the nitrogen in coal actually reacts to 
form nitrogen oxides; by convention, this is not considered in the calculation.
7.13 (kmol 0 2) * 22.4 m3/(k mole) * 100 m3air/21m30 2 = 760.53 m3 at STP
The mass of air required is calculated from the 0 2 required (in kg - see the 
calculation above) divided by a 100 kg of Banko Barat coal (daf), and then 
multiply by a 100 kg of air which is divided by the composition of air in 
percent by weight (Table 7.4), that is 23 kg 0 2.
The mass of air required is, therefore:
(228.66/100 kg daf coal) * (100 kg air/23 kg OJ = 9.94 kg air/kg daf 
coal.
With the 10 % ash content and 25% moisture on average (Table 4.1), the 
mass of air required (9.8 kg air/kg daf coal) is then multiplied by the sum ash 
and moisture percentages (10% + 25%) which is divided by a 100 kg of
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Banko Barat coal, the conversion is:
(9.94 kg air/kg daf coal) * (65 kg daf coal/100 kg coal) = 6.5 kg air/kg 
coal.
Thus, a theoretical air requirement for Banko Barat coal is 6.5 kg air/kg coal. 
Calculation of the flue gas composition when a 100 kg coal of Banko Barat is 
burned with 20% excess air is therefore, obtained from the calculation of 
theoretical air as follows:
Source Total (k mol)
C 02 from C 6.29
H 20 from H (1.35*2) 2.70
S 02 from S 0.023
0 2 20% of theoretical 1.43
(7.13*0.2)
N2 by convention in the 32.20
coal N is assigned here 
(1.20/28), plus that 
from the air 
(7.13*1.20*79/21)
TOTAL 42.62
Nitrogen oxides emission from Banko Barat coals, taking 30% conversion of
coal nitrogen to nitrogen oxides, is thus:
1.20/14 kmol.NO (= k mol Nitrogen oxides)
------------------- *0.3 = 42.62 k mol gas or
. 0.000603 mole fraction (= volume fraction) 603 ppm or 250
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ug/g-
where : 1 .20% = nitrogen concentration
14 kmol. NO = atomic weight of nitrogen 
42.62 kmol. gas = total flue gas composition
0.3% = estimated conversion of nitrogen to nitrogen
oxides
Thus, the nitrogen emissions of Banko Barat coal is environmentally safe 
because the emissions are below the recommended levels for most western 
and/or industrialised countries that have given maximum atmospheric contents.
7.3.2. Sulphur oxides
7.3.2.I. Formation
Sulphur oxides, which generally represents a composite of atmospheric 
concentrations of sulphur dioxide and sulphur trioxide, are significant air 
pollutants derived from the reaction of sulphurous, compounds in fossil fuels 
during combustion processes. The sulphurous compounds include:
* sulphur dioxide (S + 0 2 - SO2)
* sulphur trioxide (S02 + 1/2 0 2 - S 03)
* sulphurous acid (S02 + H20  - H2S 03)
* sulphuric acid (S03 + H20  - H2S04).
Worldwide, the emission of sulphur into the air is in the form of sulphur
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dioxide (S02), predominantly by man-made operations. Sulphur dioxide (SOJ 
is a nonflammable and colourless gas. In the atmosphere, S 0 2 can be
oxidised to sulphur trioxide (S03) which is a reactive compound in water
where it forms sulphuric acid. The sulphuric acid may remain suspended as 
an aerosol or combine with other elements to form sulphates. The sulphuric 
acid, whether as acids or salts, can acidify land and groundwater through acid 
rain.
7.3.2.2. Sulphur oxides emissions
During combustion with flame temperatures of 1400°C to 1600°C (Wibberley, 
1986), the most stable sulphurous compound is sulphur dioxide (SOJ. As the 
temperature of the furnace gases decreases, some S02 reacts with alkali
vapours (NaCl and KC1) and alkali oxide particles (CaO and MgO) to form 
sulphates. From an environmental point of view, these sulphates are
advantageous because they are relatively inert and are either collected with the 
fly ash in the precipitators and filters or are retained in the boiler as ash 
deposits. Ash composition of the coal and residence time of the furnace gases 
in the temperature range 900°C to 1200°C influences the retention of sulphur 
in the fly ash (Wibberley, 1986). Sulphates are unstable at high temperature, 
whereas at lower temperatures, the sulphation kinetics are too slow. 
Typically, the retention of sulphur in fly ash for high rank coals is 
approximately 10% (Wibberley, 1986 ; Allen, 1989) and about 50% for low 
rank coal (Wibberley, 1986).
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7.3.2.3. Effects of sulphur oxides
The effect of sulphur oxides on the vegetation vary considerably depending on 
the sensitivity of plants to S02. Threshold injury in various plants may be 
caused by S02 concentrations ranging from < 1 ppm to > 10 ppm (National 
Environmental Research Centre, 1973). In other words a level of S02 that 
may kill one species may not affect another species.
Figures 7.6., 7.7., and 7.8. give the S02 dose-injury curves for plants in the 
sensitive, intermediate and resistant classes respectively. The concentration 
and exposure times shown for each susceptibility grouping are reasonable only 
when the plants are growing under the most sensitive environmental conditions 
and in the mature stage of the plant cycle (National Environmental Research 
Centre, 1973).
Some crops such as soybean, grain, vegetable, pasture and forage crops which 
are grown near large coal-fired plants are categorised in the sensitive class 
(Jones, 1973). However, soybean is only sensitive during the flowering 
period while the other crops are sensitive for most of the growing session. 
Corn, on the other hand, is one of the most resistant crop species and has 
rarely been injured by S 02 (National Environmental Research Centre, 1973).
S 0 2 almost always acts on the human respiratory systems in conjunction with
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aerosols and particulate matter. A 24-hour concentration of 500 ugm'3 S 0 2, 
together with smoke particle concentration around 150-350 ugm'3, can cause 
asthma (Holdgate, 1979). Therefore, the World Health Organisation (1979) 
concluded that harmful effects to human health might occur where the 24- 
hour smoke and S02 concentrations were both above 250 ugm*3. Furthermore, 
they recommend a longer term guideline for these pollutants and suggest that 
they should be in the range 100 to 150 ugm'3.
7.3.2.4. Reducing sulphur oxide emissions
One of the best techniques for reducing sulphur oxide emissions from 
pulveriser flame boilers is flue gas desulphurisation (FGD). The FGD 
technique can remove up to 90% of the sulphur oxides from the waste gases 
(Chester, 1986 ; Doutty, 1986 ; Allen, 1989). This technique can also be 
adopted to produce useable by-products in the form of gypsum, sulphuric acid 
or elemental sulphur.
Figure 7.9. shows the principle of the first simple FGD system. The flue gas, 
on emerging from the precipitator, is exposed to a calcium carbonate spray in 
the form of limestone suspension. This technique absorbs up to 90% of the 
sulphur dioxide, releasing carbon dioxide in its place and producing a slurry of 
calcium sulphite and calcium sulphate which has to be concentrated and 
disposed of later.
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Figure 7.10. shows another solution for removing sulphur oxide emissions 
from the flue gases where limestone is still the consumed reagent. Sulphur 
dioxide is absorbed in an alkali train (Na^CC^, NaOH) whereas the solid waste 
products are removed in another train. Therefore, there are no suspended solids 
in the alkali scrubber train to contribute to scaling and plugging. In this way, 
the S 0 2 collection is up to 90% efficient. Usable by-products are produced 
from this technique, by the regeneration of sulphur dioxide in concentrated 
form, and can be further processed in an additional train to make elemental 
sulphur or sulphuric acid for sale.
7.3.2.5. Sulphur oxides emission from Banko Barat
In Banko Barat coal, sulphur is mostly present as organic sulphur compounds 
comprising 80 to7.3.3.1 90% of the total sulphur (Table 6.4.). From Table
4.1. the average sulphur content on a whole seam basis varies from 0.30% to 
1.26%, averaging 0.74%. Elevated values are found in the B2 and Cl seams, 
and in places, especially in the south-west, are also found in the A 1 seam.
During combustion, about 50% of the organic sulphur is released with the 
volatiles, mainly as U S, which oxidises to form sulphur dioxide (SOJ. 
Estimation of sulphur oxide emission from Banko Barat coal can be 
determined based on the same method as the calculation for nitrogen oxide 
(Wall, 1986).
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In the combustion of sulphur the following reactions can occur:
S + 0 2  - S02 - complete combustion of sulphur
2S02 + 0 2  - 2S03 
S03 + H 20 - H2S04
The total amount of oxygen can then be determined by summing the amount 
for each element. From this total oxygen, the theoretical (stoichiometric) air 
is determined (the stoichiometric for Banko Barat coal is 6.4 kg air/kg coal). 
Calculation of the flue gas composition is assembled from the calculation of 
theoretical air, that is 44.05 kmol for Banko Barat coals.
The emission of sulphur oxide, assuming a 50% conversion of sulphur in the 
coal to sulphur oxides, is then
(0.74/32 kmol.S02)/(42.62) * 0.50 = 0.000271 mol - fraction or 271 ppm
or 134 ug/g or 134 ug/m'3.
where : 0.87% = concentration of total sulphur
32 kmol.S02 = atomic weight of .sulphur
44.05 kmol. = total flue gas composition
0.90% = conversion of sulphur to sulphur dioxide
The WHO standard for the emission of sulphur dioxide is that it not exceed a 
250 ugm.3 concentration for the short term or a maximum of 24-hour S 0 2; for 
the longer term the concentration is not to exceed 100 to 150 ugm*3. Thus, 
the sulphur .dioxide emission from burning Banko Barat coal is
99
environmentally safe based on the above calculations.
7.3.3. Particulate pollutants
Particulate matter is generated when pulverised coal is burned in a power 
station boiler furnace. Bridgman (1986) divided particulate matter into dust 
(size > 20 um) and aerosols (size < 20 um). Dust includes coarse material 
and larger sizes of fly ash. Aerosols include fine material and minute fly ash 
that commonly remain suspended in the atmosphere for long periods.
7.3.3.I. Effects of particulate pollutants
Coarse particles consist of windblown dusts, fly ash, powder from any 
grinding operation or pulverising operation, as well as activated clouds and fog 
drops. This fraction is removed by sedimentation and precipitation and have 
little interaction with finer particles. Material composed of large particles only 
creates a nuisance problem for people living close to emission sources. Dusts 
are too large to cause respiratory problems and therefore do not harm health.
Fine particles (aerosols) create greater problems than coarse particles because 
they are small enough to potentially affect human health. In the absence of 
rainfall, particles in the size ranges of 0.1 to 6 um are of great importance 
because the particles with this size will remain airborne for days or weeks and 
can be transported 100 to 1000 km (Norman, 1979).
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Figure 7.11. presents a typical size distribution of aerosols. The peak number 
is generally between 0.01 and 0.1 um with a rapid decrease in the number of 
particles with increasing size. The lungs constitute the major route of entry 
for toxic airborne particulate. The 0.01 micron particulate matter is probably 
deposited in the respiratory system. These particles tend to behave like gases 
and are generally not deposited in the alveolar or pulmonary region, whereas 
larger particles show a greater tendency to be deposited in the nasopharyngeal 
and tracheobronchial regions (Dvorak, 1977).
Particulate matter acts as a carrier of many trace elements and hydrocarbons in 
the effluent stream. Some trace elements including Cd, Ni, Tl, Cu, and F, 
which are carried by the fine particles, have the greatest potential for polluting 
and thus an adverse impaction on the terrestrial biota, (Van Hook and Schults, 
1977). Norman (1979) also indicated that the soil component of the terrestrial 
ecosystem is an important sink for fine particulate. Some of the trace 
elements listed above have considerable impact on the metabolism of micro­
organisms, arthropods and other soil animals.
There is a concern that the contamination of soils with elements contained in 
the fine particulate matter could alter the normal processes associated with 
micro-flora, microfauna and nutrient recycling. Another effect of fine 
particulate matter for plants is the reduction of photosynthesis occasioned by 
reduced light from atmospheric contamination (Czaja, 1966; Treshow, 1970).
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In conclusion, the fine particulate pollutants cause greater problems to the 
living biota and fauna than can the coarse particles. The fine particulate 
matter can remain in the atmosphere for long periods and can be transported 
far away from the source. Fine particles often contain elements which may 
have adverse effects on human health and plants.
7.3.3.2. Particulate matter emission from Banko Barat coals
Measurement of particulate emission arising from combustion of coal includes 
smoke density monitoring which is used to give the plant operator continuing 
indications of plant performance. The test involve the measurement of dust 
burden.
The calculation of the concentration of dust burden from burnt Banko Barat 
coal can be estimated based on the worked examples of Wall (1986). 
Assuming 100 kg of Banko Barat coal (daf), with an average ash content 
10%, is burned to H20 , C 0 2 and S02.
0.10 kg ash/kg coal * (100 kg coal/65 kg daf coal) * = 4.40 kg ash/ T m3
gas (100 kg daf coal/42.62 kmol gas) * (1 kmol gas/22.4 
m3 gas) * (273/T)
where : 0.10 kg ash/kg coal = average ash content
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65 kg daf coal 
and
42.62 kmol gas 
22.4 m*3 gas
kmol)
100 - sum of averages ash percentage (10%) 
moisture in the coal (25%) 
total flue gas composition 
the molecular weight of any ideal gas in kg (1
Thus, burning 100 kg of Banko Barat coals forms approximately 4.4 kg ash.
7.4. DISCUSSION
Most coal particles are mixtures of various components principally vitrinite and 
liptinite (high volatile substances) and inertinite (noncombustible substances). 
Vitrinite and liptinite swell markedly when heated whereas inertinite swells 
slightly or not at all (Wall, 1986). Shibaoka and Ramsden (1978) explained 
that vitrite particles especially for bituminous and sub-bituminous coals, always 
expand to some extent, forming cellular structures, whereas fusite particles 
(fusinite-rich) show only slight or no expansion. -  ,,
The greatest expansion of the vitrite particles occurred in the medium volatile 
coals with expansion influenced by the rate of heating. If the rate of heating 
is low, the expansion is small also. Vitrite particles bum faster than fusite 
particles.
Wall (1986). also reported that some particles in the bituminous coals
103
(presumably vitrite) will become plastic and swell to form hollow vesicular 
spheres. Other particles (presumably mixture of various components) do not 
form such well-developed cenospheres but at least show some signs of 
plasticity and swelling. For anthracite, most particles behave like fusite and 
they do not swell during combustion. Semi-anthracite comprises roughly equal 
proportions of swelling and non-swelling particles. The swelling behaviour is 
intermediate between the vitrinite and fusinite of bituminous coal.
The high sodium content of Banko Barat coal leads to serious fouling and 
slagging which reduces boiler efficiency and which if allowed to build up can 
result in a dangerous condition in the furnace. Without suitable equipment in 
the boiler, frequent shut downs for cleaning are required and this leads to a 
large loss in the availability of the equipment.
According to Gamer (1985) and Engel (1985) the prime factors required in 
design of boilers for high sodium coals are a soft flame, large chamber and 
ample water sootblowers. A soft flame is a longer, cooler burning flame 
which avoids local areas of very hot flame and spreads the heat over a greater 
area of the furnace.
These characteristics are most readily achieved with a tangentially fired boiler. 
Putting the burners in the comers enables the flame to be longer and smoother 
burning than with directly opposed burners; this leaves the walls available for 
water sootblowers. With directly opposed burners in the side walls only the
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end walls can be cleaned with the sootblowers.
The average sodium values for Banko Barat coal are higher than for Air Laya 
coal (Table 7.5.). Therefore, the Banko Barat coal could or should only be 
burnt in the Suralaya power station by changing the lower steam sootblowers 
to water sootblowers and re-arranging the burners such that they are not 
directly opposed. The water for the sootblowers should have a minimum pH 
of 7.5 to 8 (Engel, 1985). This equipment can be used if the combustion 
chambers dimension are considered bigger than the previous chambers (Figure
7.3.).
The average Hardgrove Grindability Index of Banko Barat coals is 37 unit for 
the A1 seam (range from 31 to 42), 47 unit for the A2 seam (44 to 60), 50 
units for the B1 seam (46 to 59), 54 units for the B2 seam (49 to 68) and 47 
units for the C l and C2 seams (42 to 57). The HGI value for the Air Laya 
coal is in the range 50 to 60, averaging 55 units. Therefore, the Banko Barat 
coals are a little harder than Air Laya coal. Thus, only the lower seams 
(from A2 to C2 seams) can be used for the power station since they have the 
same HGI as the Air Laya coals unless modification to the boiler system is 
made. It can be concluded that for the planned combustion of Banko Barat 
coal in Suralaya power station, a new design should be implemented and this 
should have, as an essential feature, a larger combustion chamber that which 
is presently envisaged.
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From environmental point of view, burning Banko Barat coal in Suralaya 
power station can be expected to produce emissions of sulphur to the air, 
generally in the form of sulphur dioxide. The quantity of sulphur dioxide is 
calculated to be approximately 270 ppm or 134 ugm'3. Thus, the emission of 
sulphur dioxide to the environment will not adversely affect either the people 
or other biota (fauna and flora) in the Banko Barat area if Banko Barat coal is 
burned as a power station feedstock.
The emission of nitrogen oxides is predicted to be 603 ppm or 134 ugm'3. 
The WHO recommendation for nitrogen oxides emission is about 320 ugm'3 
for 1 hour concentration. Thus, emission of nitrogen oxides from burned 
Banko Barat coal does not exceed the WHO recommendation.
Sulphur dioxide and nitrogen oxides represent the most important sources of 
harm to the environment if the concentration of both nitrogen and sulphur 
oxides are over the permissible standard. The ambient standard for the 
1 emission of nitrogen oxides for the Banko Barat coal probably will not exceed 
650 ppm and for sulphur dioxide will not exceed 500 ppm. Thus, burning 
Banko Barat coal is environmentally safe.
7.5. SUMMARY
The properties of coal supplied for combustion to power station has a
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contribution to make in ensuring high plant availability. The main properties 
involve moisture content, ash composition, volatile matter, sulphur, HGI and 
macérai composition, of which the ash composition has the most significant 
effect on power station design requirements.
The macérai composition of a coal can be used as an indicator of the relative 
ease of combustion. Vitrinite contains more oxygen, liptinite more hydrogen 
and inertinite more carbon. In other words, the higher the inertinite content, 
the lower the combustion efficiency whereas the greater the abundance of 
vitrinite and the liptinite content, the more likely the coal is to be reactive.
In the furnace, ash can retard combustion and increases carbon loss. Ash 
occurs in boiler deposits in the form of sulphates, silicates, oxides and 
sulphides. All of these constituents can give rise to boiler problems but 
sodium is the most problematical as regards producing undesirable products 
and effects. Other ash constituents can reinforce the effect of the sodium.
Hardgrove Grindability Index (HGI) is a measure of the hardness of a coal 
with lower values representing harder coals. The hardness of a coal is a 
major factor affecting mill capacity, grinding costs and maintenance.
Nitrogen oxides are formed from the conversion of nitrogen in the coal and 
nitrogen in the atmosphere during combustion. Sulphur oxides are formed by 
the combustion of the organic, pyritic and sulphate forms of sulphur in the
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coal. Particulate matter is emitted as smoke. Coal-fired power stations 
contribute the largest amount of particulate matter.
The emission of sulphur in the air generally is in the form of sulphur dioxide, 
predominantly by man-made operation, with a lot coming from power stations. 
The emission of nitrogen oxides commonly found in the atmosphere is in the 
form of nitrogen dioxide. Sulphur dioxide and nitrogen oxides represent the 
most important sources of harm to the environment if the concentrations are 
over the permissible standards.
The major effects of these pollutants, on the environment, are changes to the 
nutrient content of soils and the population, the activities of micro-organism 
and changes in the yield of various plants and animal species due to direct 
combination and indirect modification of environmental conditions.
The regional impact on human health includes disabilities from respiratory 






This study was initiated to assess the potential of the Banko Barat coals as a 
feedstock for use in the Suralaya power station, one of the several Indonesia 
power stations planned to effectively and efficiently utilise Indonesia’s coal 
resources, thus making energy available to the indigenous people but at the 
same time conserving natural petroleum products so that these may be 
exported and earn foreign income for a country that desires development.
The Banko Barat coal deposit of the South Sumatra Basin is located in the 
western Indonesia tectonic region. In this basin, a Tertiary transgression was 
followed by the development of an early Eocene intramontane basin . The 
coal seams are interbedded between lacustrine, fluviatile, alluvial plain deposits 
and near shore deposits. Other important coals in the western Indonesian 
tectonic region are found in Ombilin Basin in West Sumatra, the Bayah 
Coalfield and Cimandiri Coalfield in West Java. These basins are presendy 
exposed along the mountain ranges of an inner volcanic-arc.
Approximately 80% of Indonesia’s coal reserves are located in Sumatra with 
the bulk of this coal of brown coal rank with a high moisture content and
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relatively low calorific values. The very extensive and economically important 
coal deposits of the South Sumatra Basin are located stratigraphically in the 
Muaraenim Formation which was deposited in the Late Miocene to Pliocene. 
This formation is sub-divided into four units, units Ml to M4. Unit M2 is 
the most important with regard to economically mineable coal seams. It 
contains the (from top to bottom) Manggus (A), Suban (B) and Petai (C) coal 
seams with an aggregate coal thickness varying between 30 m and 50 m. It 
is in this sequence that today’s mining activities of PT. Bukit Asam (The State 
Coal Company) in Air Laya mine are centred and exploration efforts have 
been concentrated since the early 1970s.
The coal seams of M2 unit have several good marker intervals in the form of 
characteristically-positioned clay bands in the Suban (B) seam and a pelletoidal 
clay stone interval between A1 and A2 seams. The accompanying rocks are 
limnic with brown to brownish grey claystone and sandy claystone, brown- 
grey, fine to medium sandstone and green-grey, fine-grained sandstone in the 
lower parts and only minor volcanic detritus. ..........
The major structural elements in Banko Barat coal strike NW-SW and 
plunging to the NW, greatly influencing the configuration of the deposit and 
the quality of the coal seams. The structural setting includes the Liling 
Anticline, the North West Banko Syncline and the Kiahan Anticline. The 
latter structure is asymmetric with a NW-SE strike and a steep NE-flank 
showing dips tip to 55°. The anticline is overthrusted to the north-east with
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an approximate maximum horizontal displacement of 150 m. Notwithstanding 
these structures, large tracts of the coal seam are mineable.
In order to facilitate the major objective of evaluating the potential of the 
Banko Barat coal as a fuel for power generation, aspects of coal quality, coal 
utilisation and environmental significance were the main foci of the assessment 
of coal.
Ninety two composite and seam samples from 21 drill holes and representing 
all seams of the Banko Barat Coalfield were collected. Samples subdivided 
and representative splits sent for proximate analysis, ultimate analysis, 
combustion tests and Hardgrove Grindability testing at the Directorate of Coal 
laboratory in Tanjungenim, South Sumatra. These data were made available to 
author as was additional data on the drill holes and geological aspects of the 
deposit.
Splits for petrographic study were made into polished blocks by the author and 
then examined in incident white light and blue-UV florescence mode. Maceral 
analyses and reflectance determinations were carried out by the author.
CONCLUSIONS
The conclusions reached in this study can be summarised as follows:
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1. The Banko Barat coals were deposited in backarc and continental margin 
basins in environments ranging from limnic to deltaic and paralic. The 
climate at the time of peat deposition is thought to have characterised by 
high rainfall, tropical climate without a significant dry period.
The geology of the coalfield is such parts of the deposit are amenable to 
open pit or surface mining.
2. Coals from the Banko Barat Coalfield are petrographically similar to many 
Tertiary coals from Indonesia in that they are vitrinite-rich with vitrinite 
constituting more than 80% and generally 83% to 96% of the coal. 
Vitrinite is mostly detrovitrinite and telovitrinite and some minor 
gelovitrinite.
Liptinite is common in Banko Barat coal, ranging from 2% to 8%. 
Resinite is the dominant liptinite maceral but minor liptinite constituents 
include suberinite, cutinite, sporinite and rare exsudatinite (derived mostly 
from resinite and suberinite) and fluorinite. Bitumen is also present.
Inertinite accounts for less than 5% of the bulk rock with semifusinite 
abundant with minor inertodetrinite, sclerotinite and fusinite with rare 
micrinite and macrinite. Mineral matter in Banko Barat is rare comprising 
mainly clay minerals, which occurs as pods and infillings in cell lumens, 
and pyrite:
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The abundance of vitrinite in Banko Barat coal is related to the climatic 
conditions during the formation of coal. The coal formed from forest 
vegetation with a humid climate and the high rainfall climate controlled the 
availability of moisture which promotes plant growth and aided in 
preservation of plant detritus below the water level which effectively 
reduced exposure to oxygen.
The average vitrinite reflectance of vitrinite in Banko Barat coal is 
typically lower than for Palaeogene coals; vitrinite reflectance in Banko 
Barat coals is less than 0.6% with increasing vitrinite reflectance related to 
depth of burial. Based on the vitrinite reflectance, the Banko Barat coals 
is classified into the sub-bituminous B and C (ASTM) or hard brown 
coals. Some seams exhibit an increase in vitrinite reflectance from top to 
bottom of the seam.
The estimated rank gradient of the Banko Barat coal was calculated from 
the boreholes BK 12 and BK 10 and is approximately 0.07% per 100 m 
depth.
3. The Banko Barat coals are hydrogen-rich averaging 5% (daf), have carbon 
and oxygen contents ranging from 74% to 76% and from 16% to 18% 
respectively. Sulphur is generally less than 1% (with organic sulphur 
dominant) and nitrogen is 1% in average. ...
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Moisture content of Banko Barat coals is 25% on average and this is likely 
to reduce boiler efficiency by up to 20% compared to other coals with less 
moisture. The coals are also likely to be difficult to ignite and thus the 
higher moisture content will mean that large air heaters will have to be 
employed in the furnace to evaporate the moisture from the coal.
Ash content averages 9.8% and exhibits a trend of increasing sodium
content with increasing depth. The sodium in the ash increases steadily
from the outcrop down dip reaching a maximum in excess of 6%; the
values range from 1% to 3% in the shallower parts of the deposit.
Highest sodium content is found in seams of A2 and B l. The high 
sodium contents can be overcome by using lower furnace gas temperatures, 
excess air, good mixing of gases and sudden load reductions.
The Banko Barat coals are high volatile coals, averaging 48% (dafb) 
volatile matter. The coals will convert a considerable proportion of their 
weight as combustible gases and vapours upon introduction into the furnace 
allowing easier ignition, giving higher coal temperatures and resulting in 
faster burnout of the carbon residue.
The hardness of the coals is typically 49 +/- 5 Hardgrove units. A1 seam 
is the hardest, with an average grindability index of 37 units; A1 seam also
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has the highest ash (averaging 14%) and this is the reason for the 
increased hardness. On the whole, the coals will tend not to generate a lot 
of dust and fines during mining, crushing and coal handling.
Correlation between petrographic composition and chemical characteristics 
of the Banko Barat coal show a number of correlations. Where the 
mineral matter is constant, vitrinite content increases as the Hardgrove 
Grindability Index decreases and thus as vitrinite increases, the coal 
becomes harder. The reverse is true for liptinite and inertinite.
4. The Banko Barat coal is suitable as a feedstock for the Suralaya power 
station providing slight modifications are made to the combustion chamber. 
These changes should include substituting water soot-blowers for the 
present lower steam soot-blowers; rearranging the burners such that they 
are not directly opposed, increasing the dimensions of the combustion 
chamber so as to accommodate the relatively high sodium Banko Barat 
coals. A larger combustion chamber would facilitate installation of the 
water soot-blowers (pH of 7.5 to 8) and this would ensure, from the 
commencement of the operation of the steam generators that they would be 
kept clean.
The combustion chamber should be designed as a square with the ratio 
between length and width 1.1 to 1:1.1 and combustion should be by comer 
or tangential firing burners which would then be able to provide a softer
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flame which would produce a longer, cooler burning flame which avoids 
very hot flames and hotspots and spreads the heat over a greater area of 
the furnace.
Using Banko Barat coals in Suralaya power station is environmentally safe 
to both indigenous people, biota and native fauna because the expected 
emissions of approximately 270 ppm or 134 ugm'3 of sulphur dioxide is 
below the ambient standard.
The nitrogen oxides emissions are predicted to be 603 ppm or 250 ugm'3 
which is in line with the World Health Organisation recommendations for 
nitrogen oxides emissions is approximately 320 ugm'3 concentration for 1 
hour.
Predicted ash levels are 4.4 kg ash per 100 kg of coal.
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8EN A KA T
(A S )
Grey - brown to grey and b lu e -g re y  c lo ys  and 
san d y  s h a le s , o ften  m a r ly . G re e n -g re y  to
green ,  g la u c o n it ic  ,  usually fine  sa n d s . Few  
lim e s to n e s  in N. P a lem b ang  a re a .o n d  few  
tu ffaceo u s h o rizo n s  In m e S. Palem bang areo
FIGURE 4.4. A Stratigraphic column of the Muara- 
enim Formation of the South Sumatra 
Basin (from Shell, 1978)
FIGURE 4.5. Geological structural configuration of the Banko Barat area 
showing the M2 coal measures of the Muaraenim Formation of 
the South Sumatra Basin (from Shell, 1978)
( seam shown in black )
FIGURE 4.6. Stages of coalification based on chemical 
and physical properties of the coal 
(after Teichmuller and Teichmuller, 1982)
FIGURES TO CHAPTER 5
Figure 5-1 - Figure 5.16
I
tra (TV = telovitrinite; DV= detrovitrinite ; 
GV= gelovitrinite) •
3 -
Figure 5.2. Liptinite composition (on a mineral matter free 
basis) of Banko Barat coal South Sumatra 
(S=suberinite; R=resinite; O=other liptinite)
Figure 5. 3 . Inertinite compostion (on a mineral matter free 
basis) of Banko Barat coal South Sumatra 
(In = inertodetrinite J SF = semifusinite¡ OI = other 
inert ini te)
Figure 5.4 . Macérai group composition (on a mineral matter 
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Rv m a x .» 0.41%
FIGURE 5. 5 . Reflectance Histograms for vitrinite macérais 
in Banko Barat
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FIGURE 5.6 . Vitrinite reflectance in relation to the A 1 pern’s 
and ASTM rank classifications of coals 













FIGURE 5 . 7  . P r o f i l e s  f o r  v i t r i n i t e  r e f l e c t a n c e s  v e r s u s  d e p t h s









































FIGURE 5.8 . Profiles for vitrinite reflectances versus depths 
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FIGURE 5 . 9 .  P r o f i l e s  f o r  v i t r i n i t e  r e f l e c t a n c e s  v e r s u s  d e p t h s
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FIGURE 5 . 1 0 .  P r o f i l e s  f o r  v i t r i n i t e  r e f l e c t a n c e s  v e r s u s  d e p t h s
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FIGURE 5 .  11. P r o f i l e s  f o r  v i t r i n i t e  r e f l e c t a n c e s  v e r s u s  d e p t h s
f o r  s a m p l e s  f r o m  b o r e h o l e s  BK 2 0  a n d  BK 2 1 .
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FIGURE 5 . 1 2 .  P r o f i l e s  f o r  v i t r i n i t e  r e f l e c t a n c e s  v e r s u s  d e p t h s
f o r  s a m p l e s  f r o m  b o r e h o l e s  BK 24 a n d  BK 2 5 .
VriVIWTTC
100
n a F E  5.13. CDBttECN CF HdEAL O U F CMQSmOB Df SO« TTPTTAPy CMS CF 
INKNESIA ( npcüfifíd fn n  F^ngaLem, 1991 ).
FIGURE 5.14. VARIOUS RANGE OF VITRINITE REFLECTANCE IN SOME TERTIARY COALS
OF INDONESIA ( from Daulay, 1985 ).
MO.43.
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- 9 5 8 8 . 0 0 0
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FIGURE 5.15. VARIATION IN RANK, EXPRESSED AS REFLECTANCE OF VITRINITE IN MANGGUS SEAM ( A* + A2 ) IN BUKIT ASAM COALFIELD 
( from Daulay, 1985 ).
- 95 07 .0 00
- 9 5 8 6 . 0 0 0
INTRUSION
- 9 5 0 5 . 0 0 0  J  NORMAL F A U L T
SUBAN SEAM  ( B 1 * B 2 )  
O U T C R O P
- 9 5 8 4 . 0 0 0  /  ISORA NK LINE
0 0 . 5  1 K M1 -.---1__.__i
FIGURE 5.16. VARIATION IN RANK, EXPRESSED AS REFLECTANCE OF VITRINITE IN 
SUBAN SEAM ( B1 + B2 ) IN BUKIT ASAM COALFIELD 
( from Daulay, 1985 ).
FIGURES TO CHAPTER SIX 
Figure 6.1. - Figure 6.16.
FIGURE 6 . 1 . .  NET C A L O R I FI C VALUE OF SEAM A1
( f r o m  K- OG,  1 9 8 6 )
FIGURE 6 , . 2 . -  NET CALORI FI C VALUE OF SEAM A2
( f r o m  K-OG,  1 9 3 6 )
FIGURE 6.3., MET CALORIFIC VALUE OF SEAM B1
( f r o m  K-OG,  1 9 8 6 )
FIGURE 6 . 4 .  NET CALORIFIC VALUE OF SEAM B2
( f r o m  K-OG,  1 9 8 6 )
FIGURE 6 . 5 .  NET CALORIFIC VALUE OF SEAM Cl
( f r o n  K-OG,  1 9 8 6 )
FIGURE 6.6. NET CALORIFIC VALUE OF SEAM C2
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FIGURE 6.9. CALORIFIC VALUE AND PETROGRAPHIC COMPOSTION
A. Ca1r i f ic Value and Vitrinite Co n t e n t
B. Calorific Value and Liptinite Content









FIGURE 6.10. CARBON ( M  VERSUS VTTRINTIE 
REFLECTANCE
CAL. VALUE (MJ/KG)
FIGURE 6.11. CALORIFIC VALUE VERSUS CARBON 
CONTENT
FIGURE 6.12. HARDGRÛVE INDEX VERSUS VmiNTIE 
OONTENr








F I G U R E  6.14. R E L A T I O N S H I P  B E T W E E N  HGI A N D  I N E R T I N I T E  M A C E R A L
A. H G I  and F u s i n i t e  m a c e r a l
B. H G I and S e m i f u s i n i t e  m a c e r a l
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Figure 6.16. Relationship between mineral matter 
and ash yield in Banko Barat.
FIGURES 
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TO CHAPTER SEVEN 
.1. - Figure 7.11.
T nng-j fnrii rial s e c t io n
10361-
average
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(2 X 4750 - 1 x 4.75 = 
14.25 x 12.802 x 2 + 
18.099 x 2) =
Surface
Turbine capacity 
Steam prod. M U  :
Steam press HP :
Steam temp. HP 
Reheat MIR 
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rear side walls 
2 rows of burners each row has 7 burners*
14 burners
ue gas 
after economizer together 21- + 14 burners = 35 burners
5 mills fron Babcock Germany,type MPS, 
each for 63 t/h coal, one of this mill is 
in reserve.
Coal quality at lower heating value :
5000 kcal/kg, at M R  (40CMV) = 168.5 t/h 
Grindability Index : 59.4 - 64.2 (av. 61.8) 
Sodium oxide Na20 = 0.1 - 6.8% av. 2.5% 
Sulphur trioxide SQ3 = 0.1 - 6.6%, av.2.3% 
(by weight)
FIGURE 7.1. FURNACE DIMENSIONS OF UNIT 3 AND 4 OF THE SURALAYA 
POWER STATION ( from Suralaya/PLN, 19 85).
Combustion Chamber - Flue Gas Side
( f lue  gas  t e m p e r a t u r e  up to | .500"C)
T = Surface temperature on
the upper side of the tubes 
and on the centre of 
the flat iron between the tubes 
' 430 - 460 C
Medium Temperature
357°C a t  MCR '
ed  Mine ra l s  
Mine ra l s
r a t e d  Ash,  porous  dry
Alka li  C o m p o u n d
y Thin Ash Dust  
ad Insu la t ion)
e ld e d  Wall
' a t e r  and s t e a m  In the  tubes)
FIGURE 7 . 2 .  SCHEMATIC OF FOULING PROCESS IN COMBUSTION CHAMBER 
( from K-OG, 1985 ) .
A B
Burner Height 
2 x 4750 - 
9500 mm.
Opposite Firing System









Cross section 231.7 m2 
Volume 8148 m3
Surface 2500 m2
Burner belt 881 m2
Cross section 272.25 m2 
Volume 12.250 m2 
Surface 3084 m2 
Burner belt 1320 m2
FIGURE 7.3. A: Combustion chamber dimension of Suralaya unit 
1, 2, 3, and 4
B: Proposed combustion chamber dimension for Suralaya 
unit 5 and 6 ( from K-OG, 1985 ).
FIGURE 7.4a. Flame pattern of Tangential Furnace (view 
from above) with 3/4 Load of MCR 3 rows 
of burners are in operation ( from K-OG, 1985)
FIGURE 7.4b.Flame pattern of a Tangential Furnace (view 
from above) with 1/4 Load of MCR 1 row of 








left & right 
side front side
FIGURE 7 . 5 .  PROPOSAL FOR INSTALLATION OF 
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FIGURES 7.6. AND 7.7. S02 DOSE-INJURY CURVES FOR SENSITIVE AND INTERMEDIATE 
PLANTS SPECIES ( from Dvorak et al., 1977 )
—118340 
-15720
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FIGURE 7.8. S02 DOSE-INJURY CURVES FOR RESISTANT PLANT 
SPECIES ( from Dvorak et al., 1977 ).
FIGURE 7.9. FLUE GAS DESULPHURISATION PROCESS SCHEME FOR LIMESTONE 
SCRUBBING ( from Doutty, 1986 ).
i-------—  Stack
FIGURE 7.10. DOUBLE ALKALI FLUE GAS DESULPHURISATION PROCESS 
( from Doutty, 1986 )
FIGURE 7.11. TYPICAL AEROSOL SIZE DISTRIBUTIONS IN THE 









TABLE 2 . 1 .  Summary o f  m i c r o l i t h o t y p e s  c l a s s i f i c a t i o n  s h o w i n g  t h e  t h r e e  
m a i n  g r o u p s  o f  m i c r o l i t o t y p e s  ( f r o m  ICCP H a n d b o o k ,  1963  and  
S t a c h  e t  a 1 . ,  1 9 8 2 )
Microlithotype 
Constituent Macerals
Principal Groups of 
Composition
Maceral
---------------- 1— ■ .
Group
Vitrite Vitrinite (V) >95% V MonomaceralicLiptite Liptinite (L) >95% L Monomaceralicinertite Inertinite (1) >95% 1 Monomaceralic
Clarita Vitrinite + Liptinite >95% V + L Bimaceralic
Durite Inertinite -t- Liptinite >95% 1 + L Bimaceralic
Vitrinertite Vitrinite + Inertinite >95% V +1 Bimaceralic
Duroclarite Vitrinite + Liptinite t  Inertinite V.L.I each >5%, V I.L Trimaceralic
Vilrinertpliplite Vitrinite + Liptinite + Inertinite V.L.I, each >5%, LI.V Trimaceralic
Clarodurite Vitrinite + Liptinite + Inertinite V.L.I, each >5%. IV,L Trimaceralic
T a b l e  2 . 2 .  P r o p o s e d  c o a l  m a c e r a l  c l a s s i f i c a t i o n  s y s t e m  f o r  
c o a l s  ( S m i t h ,  1 9 8 1 ) .































Gelovitrinite is only recognized when 10 microns diameter and when not 
part of teiovitrinite.
TABLE 2 . 3 .
1
ASTM C l a s s i f i c a t i o n  o f  c o a l s  by  
( f r o m  ASTM A n n u a l  Book  o f  S t a n d a r d s ,
r a n k











its. Blu per pound 
(Moist.8 Mineral-Mat­















1. Meta-anthracite 98 2
|. Anthracitic 2. Anthracite 92 98 2 8 • • • nonagglomcrating
3. Scmianthracilcr 86 92 8 14
|. Low volatile bituminous coal 78 86 14 22
2. Medium volatile bituminous coal 69 78 22 31 .  .  . .  .  .
II. Bituminous 3. High volatile 4  bituminous coal ♦ .  . 69 3! * ' * 14 000° ) commonly agglomerating
4. High volatile B bituminous coal • • • . .  .  . .  ,  , . • . 13 000° 14 000
5. |1igh volatile C bituminous coal • i • • • t . . .  | II 300 13 0001 10 500 II 500 agglomerating
1. Subbituminous A coal 10 500 II 500
|||. Subbituminous 2. Subbituminous B coal • .  , . .  • 9 500 10 500
3. Subbituminous C coal . . . . . . 8 300 9 500 nonagglomerating
IV. Mgnilic |. Lignite A 2. Lignite B '
. . . . . . . . . . . . 6 300 8 300 
6 300
4 This classification docs not include a few coals, principally nonbanded varieties, which have unusual physical and chemical properties and w hich come within the limits of fixed 
carbon or calorific value of the high-volatile bituminous and subbituminous ranks- All of these coals either contain less than 4# % dry. inincral-mattcr-frcc fixed carbon or have more 
than 15 500 moist, mincral-maticr-frec British thermal units per pound- 
8 Moist refers to coal containing its natural inherent moisture but not including visible on th$ surface of the coal. 
c  If agglomerating, classify in low-volatile group of the bituminous class.
°  Coals having 69 or more fixed carbon on the dry. mineral-maiicr-frce basis shall be classified according to fixed carbon, regardless of calorific value.
* It is recognized that there may be nonagglomcrating varieties in these groups of the bituminous class, and that there are notable exceptions in high volatile C  bituminous group.
TABLE TO CHAPTER 
Table 3.1.
THREE
TABLE 3.1. NUMBER OF SAMPLES FROM EACH BOREHOLE
IN BANKO BARAT SOUTH SUMATRA.
No. Borehole Number of samples
1. BK 01 6
2. BK 02 5
3. BK 03 4
4. BK 04 3
5. BK 05 5
6. BK 07 5
7. BK 08 5
8. BK 09 5
9. BK 10 5
10. BK 11 4
11. BK 12 5
12. BK 13 5
13. BK 14 5
14. BK 15 5
15. BK 16 3
16. BK 17 5
17. BK 18 2
18. BK 20 6
19. BK 21 6
20. BK 24 2
21. BK 25 5
TABLE TO CHAPTER 
Table 4.1.
POUR
TABLE 3-1- SUhhRRV OF CHEMICAL ANALVSIS AND PETROGRAPHIC 
COMPOSITION OF BANKO BARAT COAL SOUTH SUMATRA-
C O A L S E A MPARAMETERS
A1 02 B i/B B2 Cl/C C2 MEAN
Rv nax. 0.35 0.3? 0 1 u 10 0.-11 0-31 0.-11 0.33
d.a.f.b.VM C Z ) -13.80 38. lO 38.60 38.10 33. 10 37.30 38.52
C  C7£> 50.00 51.80 51.30 51.80 51.35 52-30 51.33TM 2-1.50 25. lO 25.70 23.30 23.35 23.70 23.63OSHC«> 13.-10 ? - 70 6.70 11.10 3.60 3.20 3-78CVCKcal/'Kg) 5118.00 5535.00 5636.00 5330.00 5613.00 5533.00 5331.00
CV <MJ/Kg> 21.50 23.30 23.80 22.30 23.50 23.30 13.76
n.n.fUITRIN.
-b.
31.53 31.13 30.82 83.35 30.38 30.78 30.70
LIPTIN. G2> 3.70 5.08 5.05 5.86 5.22 3.83 5. 13INERTI. C7£> 3.85 3.7? 3. 13 3. 13 3.33 3.38 3. 18TOTAL lOO lOO 100 100 100 100 100
d.a.f.b.CARBON 73.53 75.57 75.37 75.83 75.82 76.13 75.55
HVOROGEN 5.33 5.33 5.31 5.31 5.53 5.53 5.33NI TROGEN 1.1? 1.08 1.03 1.20 1.26 1.33 1.20SULPHUR C O 0.8? 0.30 0.30 1.23 1.26 0.38 0.73
OXVGEN C7i> 17.38 17.71 17.83 16.33 16. 12 16.31 17.08
d.a.f.b. — dry ash fro» basis n.n.f.b. = nineral natter free basisUM = volatil» natter vitrin = vi tri ni te
C — carbon content liptin = liptini teTM — total Hoi sture inorti = i nerti ni teCO = calorific valu»
X Chenical analysis data were supplied by K-OG/DOC ( 1386 )
TABLE TO CHAPTER 
Table 5.1.
FIVE
TABLE 5 . 1 . Summary  o f  b a s i n  t y p e ,  d e p o s i t i o n a l  e n v i r o n m e n t ,  p a l e o c l i m a t e  
and f l o r a  o f  some I n d o n e s i a n  b a s i n s  ( f r o m  D a u l a y  & C o o k ,  1 9 8 8 ) .
S U M A T R A K A L I M A N T A N  ' J A V A
♦
B ukit Asam Q nb ilin B asir * Kutei B a rito  
Sutr- basin Basin Sub-basin
West Java
EPOCH Pliocene Eocene 
Miocene
Miocene Pliocene Pliocene 




BASIN TYPE Back deep Inter-montane C ontinental In tra  -  
Margin in  Neogene C ontinental in  
re tro -a rc  in  Paleogene N to  re tix ra rc
in  S
Intra-m ontane 
to  in ter-deep
IEPOSinCNAL
ENVIRONMENT
P a ra lic  to  F lu v ia tile  
d e lta ic  la cu s trin e
F lu v ia tile  D e lta ic  F lu v ia tile  to  
to  d e lta ic  d e lta ic
F lu v ia tile
lagoonal
PA1HXUMA1E Himld -  tro p ic a l Hunid -  T rop ica l Humid -  tro p ic a l







TABLE 6 . 1 .  SUMMARY OF TOTAL MOISTURE FROM BANKO BARAT
COAL SOUTH SUMATRA ( f r o m  K -  OG, 1 9 3 6  ) .
S E A M
* ) TOTAL MOISTURE ( % )
M E A N
N o r t h C e n t r e S o u t h  o f S o u t h
/ N o r t h w e s t C e n t r e
(i) ( Ü ) (iii) ( i v )
A l 2 4 . 6 2 5 . 3 2 2 . 5 2 4 . 8 2 4 . 4
A2 2 4 . 4 2 6 . 8 2 3 . 9 2 6 . 2 2 5 . 4
B / B l 2 4 . 4 2 6 . 8 2 4 . 8 2 6 . 6 2 5 . 7
B2 2 3 . 5 2 6 . 3 2 5 . 4 ND 2 5 . 2
C / C l 2 3 . 2 2 5 . 0 2 2 . 5 2 4 . 1 2 3 . 8
C2 ND ND 2 3 . 8 2 4 . 9 2 4 . 4
* )  - o b s e r v e d ,  a s  s a m p l e d  and a n a l y z e d  f r o m  DOC b o r e h o l e s .
i -  N o r t h / N o r t h w e s t : BK 07 -  1 3 ,  and BK 23
i i -  C e n t r e : BK 0 2 ,  0 5 ,  and BK 25
iii -  S o u t h  o f  C e n t r e : BK 0 1 ,  20 -  22
i V -  S o u t h : BK 14 -  1 9 ,  and BK 24
TABLE 6 . 2 .  SUMMARY OF ASH FROM BANKO BARAT SOUTH
SUMATRA ( f r o m  K -  OG, 1 9 8 6  ) .
PARAMETERS
% A S H
A l A2 B /BX B2 C / C l  C2
As A n a l i z e d 1 1 . 7 3 6 . 3 3  5 . 5 7  9 . 5 9 7 . 7 3  8 . 1 5
D r y  Ash  F r e e 1 4 . 4 0 7 . 7 0  6 . 9 0  1 1 . 1 0 9 . 6 0  9 . 2 0
TABLE 6 . 3 . SUMMARY OF THE F IXED CARBON AND VOLAT I LE  MATTER
( d a f b ) FROM BANKO BARAT COAL SOUTH SUMATRA
( b a s e d on p r o x i m a t e  a n a l y s i s d a t a  f r o m  K -OG , 196
- S E A M F IXED  CARBON VOLAT I LE  MATTER
( % ) c i )
A 1 50 4 9 . 8
A 2 5 1 . 8 0 4 8 . 1 0
B /  B 1 5 1 . 3 0 4 8 . 6 0
B 2 5 1 . 8 0 4 8 . 1 0
C /  C 1 5 2 . 3 0 4 8 . 7 0
C 2 5 2 . 3 0 4 7 . 4 0
TABLE 6 . 4 . AVERAGE 
( f r o m
ULT IMATE ANALYSIS  
K - 0 G ,  1986  ) .
( d a f )  OF THE BANKO BARAT
•
C II N S 0 Fo rm s o f  S u l p h u r
p y r  i  L e s u l p h . o r g a n .
% % % % % % % %
A1 Seam 7 4 . 5 4 5 . 4 3 1 . 1 7 0 . 8 7 1 7 . 9 8 0 . 0 8 0 . 0 4 0 . 4 9
SD 0 . 9 9 0 . 2 2 0 . 0 7 0 . 4 4 0 . 7 8 0 . 0 4 0 . 0 6 0 . 2 2
A 2 Seam 7 5 . 5 7 5 . 3 4 1 . 0 8 0 . 3 0 1 7 . 7 1 0 . 0 3 0 . 0 2 0 . 1 9
SD 0 . 7 5 0 . 1 7 0 . 0 7 0 . 2 3 0 . 6 8 0 . 0 2 0 . 0 3 0 . 1 2
B1~B Seam 7 5 . 3 7 5 . 4 1 1 . 0 9 0 . 3 0 1 7 . 8 3 0 . 0 3 0 . 0 1 0 . 2 1
SD 0 . 8 0 0 . 1 7 0 . 0 6 0 . 0 5 0 . 7 8 0 . 0 2 0 . 0 0 0 . 0 3
B2 Seam 7 5 . 8 3 5 . 3 1 1 . 2 0 1 . 2 4 1 6 . 4 3 0 . 0 8 0 . 0 4 0 . 8 1
SD 0 . 5 7 0 . 1 6 0 . 0 8 0 . 3 0 0 . 8 1 0 . 0 7 0 . 0 4 0 . 1 4
C l - C  Seam 7 5 . 8 2 5 . 5 4 1 . 26 1 . 2 6 1 6 . 1 2 0 . 1 4 0 . 0 8 0 . 7 3
SD 0 . 9 0 0 . 1 5 0 . 1 1 0 . 4 0 1 . 0 6 0 . 1 1 0 . 0 7 0 . 2 3
C2 Seam 7 6 . 1 9 5 . 5 3 1 . 3 9 0 . 4 8 1 6 . 4 1 0 . 0 3 0 . 0 1 0 . 3 2
SD 0 . 6 4 0 . 1 2 0 . 0 7 0 . 1 5 0 . 7 3 0 . 0 3 0 . 0 1 0 . 0 8
SD = s t a n d a r d  d e v i a t i o n
C = c a r b o n  ; H = h y d r o g e n  ; N = n i t r o g e n  ; S = s u l p h u r  ; 0 = o x y g e n  
s u l p h .  = s u l p h a t e  ; o r g a n .  = o r g a n i c .
TABLE 6.5. CHEMICAL ASH COMPOSITION AND ASH FUSHION PROPERTIES
OF BANKQ BORAT SOUTH SUMATRA (FROM K~OG, 1906>
A 1
Compounds___________
A 2 B l - B  8 2 C l - C  C 2















A1203 21.00 7.40 11.10 6.50 29.40 6.50 19.70 6.60 30.50 5.70 21. IQ 9.60
Fe203 3.90 1.40 3.60 2.50 3.70 1.40 3.40 1.90 6.20 3.50 3. 10 1. 10
CaQ 2.50 1.40 2.90 1.60 2.70 1.20 1.30 0.70 2. IO 1.60 1.00 1. 10
MgO 1.00 0.40 1.60 0.70 2.00 0.50 1.00 0.40 1.20 0.50 1. 10 0.50
T i02 0.60 0.20 0.30 0.20 1.00 0.20 0.50 0.20 O.BQ 0.20 0.60 0.20
Na20 2.90 1.50 5.60 3.00 6.90 2.20 4-30 1.00 4.90 1.90 6.50 3. IO
K20 1.00 0.50 0.40 0.20 0.50 0. IO 0.40 0.20 0.50 0.20 0.40 0.20
P205 O. 10 O. IO 0.30 0.20 0.50 0.20 O. 10 O. IO 0.30 0.20 0.40 0.30
Mn304 O. io 0.00 O. IO 0.00 0. IO 0.00 O. IO 0.00 0. IQ 0.00 O. IO 0.00
S03 2.20 1.40 3.50 2.30 1.60 1.30 1.00 1.00 1.80 2.50 1.30 1.00
ASH FUSHION PROPERTIES
oC oC oC oC oC oC
REDUCING
DEFORM- 1170 00 1050 50 1310 60 1120 80 1150 70 1120 40
HEMISP. 1400 120 1250 120 1270 10Q 1390 n o 1330 140 1200 1 IO
FLOW 1460 100 1370 140 1370 90 1470 100 1440 130 1400 lOO
OXIDIZING
DEFORM. 1240 60 llOO 80 1230 70 1160 0.00 1230 60 1210 60
HEMISP. 1510 00 1330 150 1390 130 1360 0.00 1450 n o 1380 120
FLOW 1560 60 1450 150 1470 U O 1440 0.00 1520 80 1490 lOO
TABLE 6.6. Fuel Properties Affecting The Design of Power Station 
Component ( from Baker and Juniper, 1982 ).




Coal handling Equip- - Coal Tonnage Ash content
ment. - Mineral Matter
- conveyors - Specific energy
- bunkers - Moisture content
- stockpiling - Inherent moisture- Sulphur content
- Volatile content
- Friability
Pulverising Equip - - Coal Tonnage Moisture content
ment. - Moisture content - Free moisture
- mills - Grindability - Ash content
- feeders - Raw coal sizing - Mineral matter
- air heating - HGI
- PF piping - Abrasiveness
— Grindability
Boiler - Heat transfer — Specific energy
- burners - Combustion gas - Ultimate analysis
- combustion chamber temperatures - Ash content
- convective passes - Radiative and - Sulphur content
- soot-blowers thermal proper- - Ash Fusion Temp.
ties of flue gas - Moisture content
gases - Ash abrasiveness
- Fouling proper - - Reactivate
ties.
Precipitators - Particulate Den- — Ash content
sity - Sulphur content
- Ash electrical - Moisture Content
properties - Ash dielectric
- Statutory Regu- const.
lations - Mineral matter
— Ash particle size
Ash disposal system - Ash disposal — Ash content
- ash collection quantities - Chemical comp, of
- slurry disposal - Soluble compounds fly ash product
- ash water recovery in ash ■- Ash sulphur absorp-
- fly ash sales - ash chemistry tion
- Ash solubility
— Trace elements
Emission Controls - Statutory Regu- Sulphur content- stacks . lations - Nitrogen content- scrubbers - Meteorological - Ash sulphur absorp-- special combus- conditions tion





TO CHAPTER SEVEN 
7.1. - Table 7.4.
TABLE 7.1.  COMPARISON OF COMBUSTION 
( from K-OG, 1985 ) .
Babcock & W ilcox B o ile rs  No. 3 & 4 fo r  Suralaya
F igu res o f combustion chamber
C ross-sec tion  = 18.099 x 12.802 « 231.7 m2
Heat re lease o f cross se c tio n  = 4.143.900 k c a l/
ui2h
Volume 29.566 x 18.099 x 12.302 » 6851 m3
-  Hopper 7.315/3=2438 x 10 x 18099= 441 m3
-  Upper passage 11825 x 18099 x 4 = 856/8148 m3
Heat re lease o f volume = 117,800 kcal/m3h
Burner b e lt  = (12802x2 4- 18099 x 2) x
(4750 x 2 + 2375 x 2) = 881 m2 
Heat re lease  o f burner b e lt  = 1,089,900 k c a l/
m2h
Surface 12802 x 29566 x 2 
18099 x 29566 x 2 
4907 x 18099 = 2083 m2
4.00 X 18099 
11.825 x 4 x 2
-  Burner ho les 35 x 1 ,0 _=___35_m2_-
2048 m2
-  Hopper 11 x 2438 x 2 = 54 m2
11 x 18099 x 2 = 398 m2 « 2500 m2
Heat re lease o f su rface  ( a v . )  = 167800 k c a l/
m2h
F lue gas temperature be fo re  
convection su rfaces (be fo re  
p la ten  super-hea te r-average) 1195 C
1
CHAMBER FIGURES
Recomended F igures fo r  Combustion Chambers
C ross-sec tion  min. *= 260 m2
Heat re lease o f c ro ss -se c tio n  ■  3.700.000 k c a l/
m2/h
Volume min. = 11.300 m3
Heat re lease o f v o l.  max. = 85,000 kcal/m3h  
Burner b e lt  min. » 1200 m2
Heat re lease o f burner b e lt  max. = 800,000 k c a l/
iu2h
Flue gas temperature be fo re  
convection su rfaces ( be fo re  
p la ten  super-hea te r-average) 1050 C
TABLE 7.2. EMISSION OF NITROGEN OXIDES FROM COAL FIRED 
FURNACES ( from Doutty, 1986 ).
L O A D BURNER CONFIGURATION OXIDES OF NITROGEN
OR TYPE ( PP® )












TABLE 7.3 . VARIATION OF NITROGEN OXIDES EMISSION WITHFUEL TYPE ( from Doutty, 1986 ).
FUEL TYPE EXPECTED NOx EMISSION 




Natural Gas 90 160
Fuel Oil 220 - 480 694
Coal 100 - 1460 834
TABLE 7 .4 . Data used in  combustion c a lc u la t io n  
(from  W a ll, 1986).
Atomic and C H 0 N S H20 CO C02 S02 CH4
M olecu la r weights 12 1 16 14 32 18 28 44 64 16
P r in c ip a l re ac tio n s C + 02 - C02
H2 + i0 2 - H20
S + 02 - S02
Composition o f a i r by volume 21% 02, 79% N2
by weigh t 232 02, 77% N2
Gas molar volume The m o lecu la r weigh t o f  any id e a l gas in  kg
(1 kmol) occupies 22.4 m3 a t  101.3 kN/m3
(a tm ospheric pressure ) and 273° K
For example : 32 kg 02 occupies 22.4 m3.
TABLE 7 .5 . ASH ANALYSIS FROM AIR LAYA AND BANKO BARAT COALFIELDS 
OF SOUTH SUMATRA BASIN (from  Engel, 1985).
AIR LAYA BANKO BARAT
S i l ic a (Z ) 59.4 58.20
Alumina m 24.7 22.13
Iro n  Oxide (Z ) 4 .6 4 .5
Calcium (Z ) . 3.1 2.21
Magnesium (Z ) 1.7 1.30
T itan ium (Z ) 0 .8 0.60
Sodium Oxide (Z ) 2 .5 5.18
Potassium (Z ) 0 .5 0 .5
Phosphorus (Z ) 0 .4 0 .2
Sulphur T r io x id e (Z ) 2.3 1.9
PLATES
Plate 1 to Plate 5
P L A T E 1
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e l a  : D e t r o v i t r i n i t e  m a t r i x  ( D v )  w i t h  t h i n  t e l o v i t r i -  
n i t e  ( T v )  b a n d s  a s s o c i a t e d  w i t h  r e s i n i t e  ( R ) ,  
s c l e r o t i n i t e  ( S c l )  a n d  i n e r t o d e t r i n i t e  ( I n ) .
S am p l e  No .  2 3 7 4 4 ,  A2 se am ,  Rv max .  ”  0 . 4 4 % ,  
f i e l d  w i d t h  = 0 . 3 5  mm, r e f l e c t e d  w h i t e  l i g h t .
l b  : As f o r  P l a t e  l a ,  b u t  i n  f l u o r e s c e n c e  mode .
l c  : T e l o v i t r i n i t e  ( T v )  i n  a s s o c i a t i o n  w i t h  s u b e r i n i t e  
( S u )  and  e x s u d a t i n i t e  ( E x s ) .
S am p l e  No .  2 3 7 3 7 ,  A1 se am ,  Rv max .  — 0 . 3 9 % ,  
f i e l d  w i d t h  = 0 . 1 8  mm, r e f l e c t e d  w h i t e  l i g h t .
I d  : As f o r  P l a t e  l c ,  b u t  i n  f l u o r e s c e n c e  mode .
l e  : P o r i g e l i n i t e  ( P o )  a s s o c i a t e d  w i t h  c o r p o g e l i n i t e
( C g ) ,  s c l e r o t i n i t e  ( S c l )  a nd  i n e r t o d e t r i n i t e  ( I n ) .  
Sam p l e  No .  2 3 8 1 2 ,  A2 s e am ,  Rv m ax .  = 0 . 3 8 % ,  
f i e l d  w i d t h  = 0 . 2 6  mm, r e f l e c t e d  w h i t e  l i g h t .
I f  : C o r p o g e l i n i t e  ( C g )  a s s o c i a t e d  w i t h  p o r i g e l i n i t e  
( P o ) .
S am p l e  No .  2 3 7 4 5 ,  B1 se am ,  Rv max .  = 0 . 4 4 % ,  
f i e l d  w i d t h  = 0 . 2 6  mm, r e f l e c t e d  w h i t e  l i g h t .
l g  : T e l o v i t r i n i t e  ( T v )  and  c o r p o v i t r i n i t e  ( C v )
a s s o c i a t e d  w i t h  s u b e r i n i t e  ( S u ) ,  p o r i g e l i n i t e  ( P o )  
and s e m i f u s i n i t e  ( S F ) .
S am p l e  No .  2 3 7 4 5 ,  B1 s e am ,  Rv max .  =* 0 . 4 4 % ,  
f i e l d  w i d t h  ■  0 . 2 0  mm, r e f l e c t e d  w h i t e  l i g h t .
l h  : As f o r  P l a t e  b u t  i n  f l u o r e s c e n c e  mode .
PLATE 1








P l a t e 2a : Resinite (R) concentrated in detrovitrinite
(Dv) matrix.
Sample No. 23738, A1 seam, Rv max. = 0.36%, 
field width = 0.29 mm, fluorescence mode.
2b : As for Plate 2a, but in reflected white light.
2c : Suberinite (Su) associated with telovitrinite
(Tv) and corpovitrinite (Cv) and porigelinite (Po) 
Sample No. 23812, A2 seam, Rv max. = 0.38%, 
field width = 0.26 mm, fluorescence mode.
2d : As for Plate 2c, but in reflected white light
2e : Crassicutinite (Cu) associated with resinite (R) 
in detrovitrinite (Dv) matrix.
Sample No. 23790, A2 seam, Rv max. = 0.37%, 
field width = 0.29 mm, fluorescence mode.
2f : As for Plate 2e, but in reflected white light.
2g : Sporangia (Spo) in detrovitrinite (Dv) matrix. 
Sample No. 23770, A1 seam, Rv max. = 0.40%, 
field width = 0.26%, fluorescence mode.
2h : As for Plate 2g, but in reflected white light.
PLATE 2
P L A T E  3
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e
3a : C r a s s i c u t i n i t e  ( C u )  i n  d e t r o v i t r i n i t e  ( D v )
m a t r i x  i n  a s s o c i a t i o n  w i t h  i n e r t o d e t r i n i t e  ( I n )  
S amp l e  No.  2 3 7 5 7 ,  B1 seam,  Rv max .  ■  0 . 3 9 % ,  
f i e l d  w i d t h  = 0 . 4 0  mm, f l u o r e s c e n c e  mode .
3b : As f o r  P l a t e  3 a ,  b u t  i n  r e f l e c t e d  w h i t e  l i g h t .
3c : S p o r i n i t e  ( S p )  a s s o c i a t e d  w i t h  r e s i n i t e  ( R ) ,
l i p t o d e t r i n i t e  ( L p ) ,  s e m i f u s i n i t e  ( S F ) ,  s c l e r a -  
t i n i t e  ( S c l ) ,  s u b e r i n i t e  ( S u )  and i n e r t o d e t r i -  
n i t e  ( I n )  i n  t h e  d e t r o v i t r i n i t e  ( D v )  m a t r i x .  
Samp l e  No.  2 3 7 5 7 ,  B1 seam,  Rv max .  = 0 . 3 9 % ,  
f i e l d  w i d t h  = 0 . 4 1  mm, f l u o r e s c e n c e  mode .
3d : As f o r  P l a t e  3 c ,  b u t  i n  r e f l e c t e d  w h i t e  l i g h t .
3e : R e s i n i t e  ( R )  and  e x s u d a t i n i t e  ( E x s )  i n f i l l i n g  
c r a c k s  i n  f u s i n i t e  ( F )  and  v i t r i n i t e  ( V )
Samp l e  No .  2 3 8 1 1 ,  C2 seam ,  Rv m a x . =  0 . 4 4 % ,  
f i e l d  w i d t h  = 0 . 2 6  mm, f l u o r e s c e n c e  mode .
3 f  : As f o r  P l a t e  3 e ,  b u t  i n  r e f l e c t e d  w h i t e  l i g h t ,
3g : E x s u d a t i n i t e  ( E x s )  e x p e l l e d  f r o m  r e s i n i t e  ( R ) .  
Samp l e  No.  2 3 8 1 1 ’, C2 seam ,  .Rv max .  = 0 . 4 4 % ,  
f i e l d  w i d t h  ® 0 . 2 6  mm, f l u o r e s c e n c e  mode .
3h : As f o r  P l a t e  3 g ,  b u t  i n  r e f l e c t e d  w h i t e  l i g h t .
PLATE 3
P L A T E  4
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e 4a : A d i s s a g r e g a t e d  s p o r a n g i u m  ( S p o )  i n  a s s o c i a t i o n  
w i t h  s e m i f u s i n i t e  ( S F )  i n  d e t r r o v i t r i n i t e  ( D v ) .  
Samp l e  No.  2 3 8 1 0 ,  C l  s eam ,  Rv max .  *  0 . 4 2 % ,  
f i e l d  w i d t h  = 0 . 2 6  mm, f l u o r e s c e n c e  mode .
4b : As f o r  P l a t e  4 a ,  b u t  i n  r e f l e c t e d  w h i t e  l i g h t .
4c  : S e m i f u s i n i t e  ( S F )  l a y e r s  i n  d e t r o v i t r i n i t e  ( D v ) .  
Samp l e  No.  2 3 8 2 8 ,  A1 seam ,  Rv max .  *  0 . 3 6 % ,  
f i e l d  w i d t h  — 0 . 3 1  mm, r e f l e c t e d  w h i t e  l i g h t .
4d : S e m i f u s i n i t e  ( S F )  i n t e r b e d d e d  w i t h  d e t r o v i t r i ­
n i t e  ( D v ) ,  t e l o v i t r i n i t e  ( T v )  and  f u s i n i t e  ( F ) .  
Samp l e  No .  2 3 7 4 3 ,  A1 seam,  Rv max -  0 . 4 2 % ,  
f i e l d  w i d t h  = 0 . 3 5  mm, r e f l e c t e d  w h i t e  l i g h t .
4e : R e s i n i t e  ( R )  i n f i l l i n g  s c l e r o t i n i t e  ( S c l )  i n  
d e t r o v i t r i n i t e  ( D v ) .
Samp l e  No.  2 3 8 0 4 ,  A2 seam ,  Rv max .  = 0 . 3 7 % ,  
f i e l d  w i d t h  = 0 . 1 6  mm, f l u o r e s c e n c e  mode .
4 f  : As f o r  P l a t e  4 e ,  b u t  i n  r e f l e c t e d  w h i t e  l i g h t .
4g : D i s s e m i n a t e d  s c l e r o t i n i t e  ( S c l )  i n  d e t r o v i t r i ­
n i t e  m a t r i x  ( D v ) .
Samp l e  No.  2 3 8 1 2 , -  A2 seam ,  Rv max .  *  0 . 3 7 % ,  
f i e l d  w i d t h  = 0 . 2 6  mm, r e f l e c t e d  w h i t e  l i g h t .
4h : D i s s e m i n a t e d  s c l e r o t i n i t e  ( S c l )  i n  t e l o v i t r i -  
n i t e  ( T v )  and  d e t r o v i t r i n i t e  ( D v ) .
Samp l e  No.  2 3 7 3 9 ,  B1 seam ,  Rv max .  = 0 . 4 1 % ,  
f i e l d  w i d t h  = 0 . 3 4  mm, r e f l e c t e d  w h i t e  l i g h t .
PLATE 4
P L A T E 5
P l a t e
P l a t e
P l a t e
P l a t e
P l a t e 5a : B i t u m e n  ( B ) ,  e x s u d a t i n i t e  ( E x s )  and  f l u o r i n i t e
( F I )  a s s o c i a t e d  w i t h  r e s i n i t e  ( R )  i n  d e t r o v i t r i -  
n i t e  m a t r i x  ( D v ) .
Samp l e  No .  2 3 7 5 9 ,  C seam ,  Rv max .  = 0 . 4 6 % ,  
f i e l d  w i d t h  = 0 . 2 6  mm, f l u o r e s c e n c e  mode .
5b : As f o r  P l a t e  5 a ,  b u t  i n  r e f l e c t e d  w h i t e  l i g h t .
5c : B i t u m e n  ( B )  i n  d e t r o v i t r i n i t e  m a t r i x  ( D v ) .
Samp l e  No .  2 3 8 1 1 ,  C2 seam,  Rv max .  = 0 . 4 4 % ,  
f i e l d  w i d t h  = 0 . 2 8  mm, f l u o r e s c e n c e  mode .
5d : As f o r  P l a t e  5 c ,  b u t  i n  r e f l e c t e d  w h i t e  l i g h t .
5e : B i t u m e n  ( B )  and  e x s u d a t i n i t e  ( E x s )  a s s o c i a t e d
w i t h  s e m i f u s i n i t e  ( S F )  i n  d e t r o v i t r i n i t e  m a t r i x  
( D v ) .
Samp l e  No .  2 3 7 4 3 ,  A1 seam ,  Rv max .  = 0 . 4 2 % ,  
f i e l d  w i d t h  = 0 . 3 5  mm, f l u o r e s c e n c e  mode .





Appendix 1 to Appendix 6
LEGEND FOR APPENOIK 1
NUMBER OF POINTS COUNTED II
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23737 R 1 113 221 31 1 11 _ 11 8 1 6 3 22 161
23738 R2 169 229 66 1 IO 8 13 1 — — 11 1 11 _ _ 21 1 515
23739 B 1 168 256 19 2 18 1 11 2 _ 1 6 6 8 _ 20 527
237*10 B2 138 298 51 — 17 13 6 3 — i 9 7 9 1 _ 31 _ 581
237*11 Cl 108 302 72 — 11 7 10 2 — 7 12 1 9 — 15 _ 559
237-12 C2 113 316 26 1 IO 11 6 1 — 5 7 6 IO 1 3 12 570
237-13 R 1 178 262 21 3 5 9 1 2 — 5 9 1 6 11 8 527237-11 R2 188 323 16 3 9 11 1 2 — 1 7 2 7 2 — 11 1 623
23715 B 1 138 297 21 3 11 9 5 1 — IO 6 5 5 1 _ 13 2 530
23716 B2 78 216 21 — 8 19 1 1 — 6 3 1 1 3 _ 3 12 112
23717 Cl 137 225 38 3 1 1 2 1 — 2 2 7 6 _ 1 1 130
23718 R 1 152 321 10 — 7 9 1 1 — 3 5 1 IO — 2 13 57 1
23719 R2 160 313 21 1 7 8 1 — — 5 7 2 7 1 13 1 556
23750 B1 133 336 25 5 9 2 3 2 — 3 5 1 1 2 1 15 2 55 1
23751 B2 136 295 11 3 9 9 1 2 — 1 6 1 7 57 2 519
23752 R 1 171 308 23 1 6 11 3 3 — 1 6 3 6 1 2 15 1 573
23753 B1 lOO 278 17 9 16 3 1 2 — 11 5 3 6 1 2 12 1 173
23751 C 130 228 io 2 5 7 1 1 — 2 1 1 3 1 2 6 1 1 1O
23755 R 1 119 282 61 1 1 13 7 3 — 5 6 2 1 2 1 13 556
23756 R2 81 208 15 2 1 11 8 — — — 7 1 1 — _ 13 5 392
23757 B 1 191 329 69 3 1 11 5 5 — 1 6 1 6 1 _ 7 9 660
23758 B2 125 359 51 2 3 17 15 — — 1 7 1 2 _ 22 9 620
23759 C 150 312 29 3 1 23 25 2 — 1 1 IO 3 _ _ 5 1 605
23761 R2 137 336 13 12 9 5 3 3 — 3 5 1 9 — 5 7 1 552
23762 B1 125 307 15 2 1 7 6 1 — 1 6 6 7 _ r> 1 190
23763 B2 121 260 17 — 3 13 7 1 1 — 1 2 2 1 — 5
23761 C 165 211 35 3 1 11 9 — — 2 6 5 7 _ 5 o 195
23765 R1 121 306 35 6 5 1 7 2 2 1 5 3 7 __ _ 6 7 523
23766 R2 90 261 20 1 3 12 7 — — 3 3 5 9 _ _ 9 2 125
23767 B1 98 275 29 3 7 13 9 2 1 5 6 1 20 1 _ 7 1 181
23768 B2 98 283 27 3 3 IO 7 2 1 5 7 3 11 _ _ IO 6 176
23769 C 158 101 12 2 1 IO 8 1 — 7 8 3 9 _ _ 1 6 663
23770 fll 181 310 11 2 9 12 9 — — 1 5 3 8 _ _ 2 3 592
23771 R 1 192 112 31 2 5 18 11 — — 3 5 3 1 3 — 2 8 705
23772 B1 190 326 15 3 2 IO 7 — — 3 1 3 6 3 _ 3 605
23773 B2 111 308 10 1 6 11 7 2 — 5 7 5 1 _ 1 6 523
23771 C 163 373 32 — 1 11 13 3 — 5 6 1 5 _ _ 5 5
23775 fll 135 277 12 — 1 12 IO — 1 6 7 1 1 3 1 IO 1 520
23776 R2 187 336 61 1 6 13 11 — — 5 6 5 6 1 5 IO 66?
23777 B 1 159 281 37 1 6 6 12 — — 1 5 5 8 1 _ 3 •3 535
23778 B2 159 312 50 — 11 6 16 3 — IO 8 3 8 1 _ 8 7 8 3 ?
23779 C 185 256 79 1 3 11 13 — — 5 7 5 7 3 _ 1 3 8 3 2
23780 fll 199 351 27 — 7 12 13 3 1 1 5 1 9 3 _ 3 8 619
23781 B 1 119 302 21 1 3 IO IO 1 — 1 7 3 8 2 _ 3 ■ q 198
23782 B2 153 336 56 1 5 15 IO 1 — 1 6 3 9 2 _ 5 5 6 11

















































S c o n t i  nu«-d>
<5} <6} <7} <8} <9} <io> C1D <12} <13} <1-1} <15> <16} <17} <18} <19}
51 5 11 11 1 -1 6 -1 6 2 _ 5
-12 — 5 8 5 1 1 6 6 -1 7 1 — 9 11
5-1 — 3 16 11 - - 5 6 "=1 -1 — — -1 2
61 1 8 8 13 2 - 8 11 3 7 2 — 9 1
82 2 5 16 IO 1 1 5 6 9 5 1 — 9 7
-17 2 3 1-1 11 — — 5 7 5 6 2 -1 -1 11
57 — 2 22 1-1 — - -1 6 3 6 2 — 6 5
38 — -1 6 16 1 — 8 2 2 11 2 — 5 6
-IO - 5 13 9 — - -1 6 -1 7 — 2 2 -1
59 — 2 13 12 — — 6 5 5 11 -1 3 7 5
53 - 3 17 7 1 — -1 7 -1 5 — 1 5 6
78 3 6 13 9 — — 6 6 3 5 — 1 3 7
22 1 -1 7 17 3 1 5 13 2 5 — - 22 8
53 — -1 22 12 1 — 5 5 5 5 — — 23 5
7-1 2 -1 23 13 - - -1 6 3 5 — 1 20 9
3-1 2 IO 13 8 1 — 9 IO -1 7 — 2 6 6
57 1 2 16 13 - - 1 6 -1 6 - 2 11 5
26 2 3 13 5 1 — — 8 2 9 — 3 8 6
20 - 5 15 5 - - 6 11 -1 IO — — 8 -1
35 — 2 17 15 1 — 3 6 5 9 — — 9 -1
22 - 2 18 8 — - 1 5 6 6 — 1 9 8
33 — 5 13 1-1 — — -1 3 7 — 1 ‘ — 8 6
82 - 5 IO 5 — - -1 15 8 -1 — — 11 3
-18 - 2 16 11 2 - 6 3 -1 -1 2 3 9 3
38 — 2 7 6 — — -1 7 6 5 — 1 3 1
80 2 -1 16 11 3 — 5 11 IO 5 - 2 11 3
6 1 — 5 18 IO — - 6 12 IO 3 - - 32 -1
-18 1 5 16 5 - — 3 18 -1 -1 3 1 13 11
68 1 5 19 IO — — 6 9 6 7 -1 — 9 8
-1-1 1 3 12 8 1 - 5 8 5 3 2 - 26 7
19 — 2 11 2 — — — 3 3 7 3 1 2-1 3
-15 — 1 12 IO — 1 1 6 -1 -1 — 1 8 3
2-1 - - 9 -1 - 2 - 7 6 3 - — 5 8
37 - — IO 1 — - — -1 1 5 — — 3 8
-IO — — 19 3 — — 3 9 6 8 — -1 19 2
-15 1 — 13 8 — — -i IO 7 -1 2 1 11 9
28 1 3 12 3 - - - IO 1 7 3 2 8 6
-13 — — 12 11 — — 2 -1 -1 -1 3 1 6 6
35 3 -1 IO 16 - - - 2 3 1 — — -1 3
37 1 3 17 7 2 — 1 IO 3 8 1 - 22 2
32 — 2 5 7 - — — -1 2 -1 — — -1 5
25 — - 6 7 — — — 5 5 5 — — 2 3
86 - 7 20 7 — 1 -1 6 -1 6 1 1 19 8
35 2 1 3 -1 - - - 2 3 2 - — 3 1
-1-1 2 - 11 5 — 1 — 7 6 IO 2 — 11 6
63 6 1-1 15 1 - 3 8 6 — — — 6 3
-11 2 2 13 20 1 - 1 8 8 - — 18 5
-11 2 6 25 12 - - 2 7 -1 3 - - 7 7
»
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ftppondi « 1 (continued)
B  H  G  f l  C O f i L  T U  D U  G U  TOrftL S p o r  . C u t . R e s .  S u t » .  F l u o . E n s u . T O m L  F u s .  S  F  S e l  . I n e r  . H i c .  M a c .  T  O T  F I L  M  M  B i t : .
N u w b o r  N u h b e r  S E R H  OIT. L I F T .  I N E R T .
B K 1 2 2 3 7 8 G B  1 3 1 . 4 5 3 . 2 7 . 8 8 2 . 5 0 . 0 0 . 4 2 - 2 1 . 6 0 . 0 0 . 0 4 2 O 7 O 8 O 6 O 5 O O O O 2 6 O . 5 0 . 2
B K 1 2 2 3 7 8 7 B 2 3 0 . 4 4 8 . 3 8 . 1 8 8 - 8 0 . 2 1 . 2 1 . 2 1 . 8 0 . 4 0 . 0 4 8 1 2 1 6 O 5 1 O O 4 O O 4 8 1  . 3 0 . 2
B K 1 2 2 3 7 8 8 C 3 3 . 3 4 6 . 8 1 0 . 3 8 0 . 5 0 . 2 0 - 6 2 . 1 1 . 2 0 . 1 0 . 0 4 3 O 6 O 8 1 1 O 6 O « 1 O O 3 2 1  . 1 0 . 8
B K 1 3 2 3 7 8 8 R I 2 8 .  G 5 2 . 7 7 . 5 8 8 . 8 0 . 3 0 . 4 2 . 2 1 . 6 0 . 0 0 - 0 4 5 O 8 1 1 O 3 O _ 8 O 3 O 7 4 5 O . 6 1 . 6
B K 1 3 2 3 7 8 0 R 2 2 7 . 7 5 2 . 8 8 . 8 8 8 . 5 0 . 0 0 - 3 3 . 3 2 . 2 0 . 0 0 . 0 5 8 O « 6 O 8 O _ 4 O _ 8 O 3 O O 3 2 O  . 8 0 . 7
B K 1 3 2 3 7 8  1 B  1 3 4 . 5 5 1 . 7 5 . 5 8  1 . 7 0 . 0 0 . 6 0 . 3 2 - 2 1 . 1 0 . 0 4 7 1 1 O 2 O _ 2 1 G O 2 O O 3 _ 3 O  - 7 0 . 5
B K 1 3 2 3 7 8 2 B 2 2 1 . 1 5 8 . 3 7 . 8 8 8 - 2 0 . 0 0 - 8 2 - 5 1 . 7 0 . 0 0 . 0 5 1 O _ 8 1 2 O 8 1 3 O O O 3 4 3 O  . 3 0 . 7
B K 1 3 2 3 7 8 3 C 3 0 . 7 4 7 . 8 8 . 8 8 3 . 4 0 . 0 0 . 3 2 . 1 1 . 8 0 . 0 0 . 0 4 _ 3 O 8 O 8 O 8 1 * 7 O 7 O 5 5 4 1  . 1 0 . 8
B K 1 4 2 3 7 8 4 R I 3 2 . 3 4 8 . 2 3 . 6 8 0 .  1 0 . 0 0 . 6 2 . 7 1 . 1 0 . 2 0 . 0 4 6 O 7 1 1 O 7 O « 8 O O O « 2 3 5 O  . 8 0 . 8
B K 1 4 2 3 7 8 5 R 2 2 5 . 8 5 3 . 3 1 1 . 1 8 0 . 2 0 . 5 0 . 8 2 . 0 1 . 4 0 . 0 0 - 0 4 8 O 8 O 8 O 5 O 8 O O O 2 3 2 O . 6 1 .  1
B K 1 4 2 3 7 8 6 B 2 3 . 5 5 6 . 2 4 . 1 8 3 . 8 0 . 2 0 . 8 1 . 2 3 . 1 0 - 4 0 . 2 5 8 O 8 2 4 O 3 O 8 O O O O 4 5 4  . 4 1 - 4
B K 1 4 2 3 7 8 7 C  1 2 3 . 8 5 3 . 2 7 . 1 8 8 .  1 0 . 0 0 . 5 2 . 8 1 . 7 0 . 1 0 . 0 5 3 O 7 O 7 O _ 7 O « 7 O O O O 2 _ C 3  . 1 0 . 7
B K 1 4 2 3 7 8 8 C 2 2 4 . 8 5 3 . 5 8 . 8 8 8 . 3 0 . 3 0 . 6 3 - 0 1 . 7 0 . 0 0 . 0 5 6 O 5 O 8 O 4 O 7 O O O 1 2 _ 5 2  . 6 1 . 1
B K 1 5 2 3 7 8 8 R I 3 0 . 5 5 2 . 4 5 . 2 8 8 . 1 0 . 3 1 . 5 2 - 0 1 . 2 0 . 2 0 . 0 S 2 1 4 1 5 O 6 1 1 O O O 3 4 _ 8 O . 8 0 . 8
B K 1 5 2 3 8 0 0 R 2 3 0 . 3 5 0 . 0 8 . 1 8 8 . 3 0 . 2 0 - 3 2 . 5 2 . 1 0 . 0 0 . 0 5 1 O 2 1 O O * G 1 » O O _ O O 3 3 O 1  - 8 0 . 3
B K 1 5 2 3 8 0 1 B 2 5 . 8 5 8 . 4 4 . 3 8 8 . 0 0 . 4 0 - 6 2 . 4 0 . 8 0 . 2 0 . 0 4 « 5 O O 1 m 5 O 4 1 7 O O O 6 4 1 1  . 5 1 .  1
B K 1 5 2 3 8 0 2 C l 2 7 . 8 5 5 . 4 3 . 8 8 7 . 1 0 . 0 1 . 0 2 . 8 1 . 0 0 . 0 0 . 0 4 8 1 1 2 1 O 8 1 8 O O O O 5 8 1  . S 0 . 7
B K 1 5 2 3 8 0 3 C 2 2 1 . 0 G  1 . 8 5 . 6 3 3 . 4 0 . 0 0 - 3 2 . 7 2 . 5 0 . 2 0 . 0 5 6 O 5 1 O O 3 1 4 O _ O O O 3 7 1  . 4 0 . 6
B K I G 2 3 8 0 4 R 2 2 7 . 4 5 8 . 4 3 . 6 8 8 . 4 0 . 8 0 . 3 2 - 3 1 . 3 0 . 0 0 . 0 4 8 O 2 O S O 3 1 O O O O 2 3 O 1  . 5 1 . 3
B K I G 2 3 8 0 5 B 2 7 . 5 5 4 . 7 6 . 0 8 8 . 2 0 . 0 0 . 8 2 . 3 2 . 5 0 . 0 0 . 0 5 7 O 7 1 4 1 3 O O O 2 O . . O 3 6 1  - 4 1 .  1
B K I G 2 3 8 0 G C  2 2 0 . 6 5 6 . 8 1 2 . 8 8 0 . 3 0 . 0 0 . 7 1 . 5 0 . 7 0 . 0 0 . 0 2 _ 8 O 6 2 3 1 2 O m G O O O O 4 7 1  - 7 0 . 4
B K 1 7 2 3 8 0 7 R I 2 6 . 4 5 4 . 8 7 - 8 8 8 . 2 0 - 0 0 . 3 2 . 6 1 - 7 0 . 3 0 . 0 4 8 O 8 1 3 O 6 O . . 6 O 3 O 4 4 1 1  - 4 0 . 4
B K 1 7 2 3 3 0 8 R 2 2 3 . 7 6 3 - 4 6 . 5 8 3 . 6 0 . 0 0 . 3 1 . 1 0 - 8 0 . 0 0 . 0 2 * 3 O G 1 1 O 8 O S O O O 2 3 G O  - 4 0 . 2
B K 1 7 2 3 8 0 8 B 1 8 . 6 5 3 . 0 1 3 . 5 8 6 . 1 0 . 3 0 . 7 2 - 7 1 . 8 0 . 5 0 . 0 6 O O 8 1 _ 3 1 7 O 3 O O O 3 5 5 1  - S 0 . 5
B K 1 7 2 3 8 1 0 C l 1 G . G 5 8 . 3 8 . 1 8 3 . 8 0 . 0 0 . 8 2 . 8 1 . 6 0 . 0 0 . 0 5 1 O _ 8 1 8 1 6 O 5 O O O O 4 8 5  . O 0 . 6
B K 1 7 2 3 8  1  1 0 2 1 8 - 5 5 5 . 3 8 . 3 8 4 . 0 0 - 2 1 . 0 3 . 2 1 . 0 0 . 0 0 - 0 5 2 O 5 3 4 O 8 O 3 O 6 O 2 6 3 2  _ c r 1 . 8
B K 1 8 2 3 8 1 2 R 2 2 3 . 5 5 3 . 7 1 0 . 3 8 7 . 5 0 . 2 0 . 3 2 . 8 1 . 5 0 . 0 0 . 0 S » 2 O 8 1 _ 4 O 8 1 1 O 6 O O 4 _ S 1  . 4 1 . 2
B K 1 8 2 3 8 1 3 C 2 2 5 . 4 5 2 . 5 7 - 8 8 5 - 7 0 . 2 0 . 5 2 . 1 1 . 4 0 . 2 0 . 0 4 4 O 8 1 4 O 8 O 5 O 4 O O 4 1 4  . 6 1 . 2
B K 2 0 2 3 8  1 4 R I 1 5 . 1 6 4 . 7 4 . 8 8 4 . 7 0 . 0 0 . 6 2 . 8 0 - 6 0 . 0 0 . 0 4 1 O O O 3 O 3 1 8 O 7 O 2 4 3 6  . 2 0 . 7
B K 2 0 2 3 8  1 5 R 2 2 2 . 5 5 8 . 7 7 . 6 8 8 . 8 0 . 8 0 - 2 2 . 0 1 - 6 0 . 0 0 . 2 4 » 3 O 2 1 O O 7 O 7 O O O 2 2 8 1  . 3 0 . 5
B K 2 0 2 3 3  I G B  1 2 4 . 8 6 1 . 8 4 . 0 8 0 - 8 0 - 0 0 . 0 1 . 8 0 . 8 0 . 0 0 . 5 3 1 O O 1 3 1 1 O S O O O O 2 8 O  . 8 1 . 5
B K 2 0 2 3 8  1 7 B 2 2 0 . 8 6 6 . 7 6 . 8 8 4 . 4 0 . 0 0 . 0 1 . 7 0 . 2 0 . 0 0 . 0 1 _ 8 O O O 7 O 2 O 8 O O O - O 1 8 O  - 6 1 - 3
B K 2 0 2 3 8  1 8 C  1 2 8 . 3 4 8 . 7 7 . 3 3 6 . 3 0 . 0 0 . 0 3 - 4 1 . 4 0 . 0 0 . 0 4 . S O S 1 6 1 _ 1 1 4 O mO O 6 5 3  . 4 0 . 3
B K 2 0 2 3 3  1 8 0 2 1 7 . 4 6  1 . 6 8 - 3 8 7 . 2 0 . 2 0 - 0 2 . 4 1 . 5 0 . 0 0 . 0 4 O O 7 1 3 1 3 O 7 O m 4 O 2 5 1 2  _ O 1 . 6
B K 2 1 2 3 8 2 0 R I 2 G  . 5 5 8 . 5 4 . 8 8 0 . 8 0 . 2 0 - 5 1 . 8 0 . 5 0 . 0 0 . 0 3 1 O O 1 6 O 2 1 1 O _ 5 O 3 3 7 1  . 3 1 . 0
B K 2  1 2 3 8 2  1 R 2 2 3 . 5 5 8 - 3 7 - 8 8 0  -  7 0 - 0 0 - 0 2 . 0 2 . 0 0 . 0 0 . 0 4 » O O 3 O 7 O 7 O 7 O G O 2 3 3 1  . O 1 . 0
B K 2 1 2 3 8 2 2 B  1 1 7 . 7 6 3 . 3 5 . 8 8 2 . 4 0 . 6 0 . 6 1 . 6 2 . 6 0 . 0 0 . 0 5 4 O O O 3 O 6 O 2 O O O O 1 1 O  - G 0 . 6
B K 2 1 2 3 8 2 3 C l 1 7 . 8 6 4 . 6 5 . 8 8 3 . 4 0 - 2 0 . 4 2 - 6 1 . 0 0 . 3 0 . 0 4 5 O 2 1 _ 5 O 4 1 2 O 2 O O 3 5 3  - 4 0 . 3
B K 2  1 2 3 8 2 4 0 2 2 2 . 8 6 6 . 7 5 - 4 8 4 . 8 0 . 0 0 . 3 0 . 8 1 . 1 0 . 0 0 . 0 2 . 2 O O O 6 O 3 O 6 O O O O 1 g O  - 6 0 . 3
B K 2 4 2 3 8 2 5 B 2 7 . 7 6  1 . 5 4 . 8 8 4 .  1 0 . 0 0 . 0 1 . 1 1 . 3 0 . 0 0 . 0 2 4 O O O 8 O 8 O 8 O O O O 2 7 O  . 0 . 5
B K 2 4 2 3 8 2 6 C l 1 8 . 5 5 3 . 6 1 4 . 6 8 6 . 7 0 . 0 1 . 1 3 . 2 1 . 1 0 . 0 0 . 2 5 « 6 O 7 1 O O 7 1 m O O 2 O 2 3 8 3  - 2 1 - 0
B K 2 5 2 3 8 2 7 R I 2 3 - 7 6 6 . 3 6 . 6 8 6 . 6 0 . 4 0 - 2 0 . 5 0 . 7 0 . 0 0 - 0 1 8 O O O 3 O 5 O 3 O O O O 1 1 O  - 5 0 . 2
B K 2 5 2 3 8 2 8 R 2 2 5 . 2 5 8 .  1 7 . 2 8 0 - 5 0 . 4 0 . 0 1 . 6 0 . 8 0 . 0 0 . 2 3 O O O 1 1 O 8 1 _ 5 O 4 O O 3 8 1  . 7 0 . 8
B K 2 5 2 3 8 2 8 B  1 1 3 . 2 6 0 . 5 1 0 . 7 8 8 . 4 0 . 3 1 - 0 2 . 3 2 . 5 0 . 2 0 - 0 6 3 O 5 1 _ 3 1 O O | J O O O O 2 S 1  . O 0 - 5
B K 2 5 2 3 8 3 0 B 2 2 8 . 7 4 6 . 8 7 . 8 8 4 . 5 0 . 3 0 . 3 3 . 5 3 - 8 0 . 2 0 . 0 8 1 O 2 1 5 1 5 O 3 O O O O 3 CT 3  . 4 0 . 7
B K 2 5 2 3 3 3  1 C 2 3 . 4 5 4 . 8 7 . 8 8 6 . 1 0 . 3 1 . 1 4 . 8 2 . 3 0 . 0 0 . 0 8 - 5 O - 3 1 - 3 O - 7 O - 5 O - O O - O O 8 1  . J 1 - 3
r  o T e  1  o u i  - f c r " i  r » i  t e F u s  . = F u s i  n i  t o
D  l i D e t r o u i  t i r * i  n i  t e S  F S o n i  F u s i n i  t o
S p o r -  . = S p o r i n i  t e S e l = S e l e r o t i n i  t o
C u t :  . = C u t i n i  t e I  n o r  - = I n o r t i n i  t o
R e s  . = R o s i  n i  t e H i  c  . = H i  c r i  n i  t o
S u b  . = S u b e r i  n i  t o M a c :  . = H a c r i n i  t o
F l  u o  . = F l u o r i n i t e H  H = H i n e r a l  M a t t e i
E k s u  - = E s s u d a t i  n i  t o B i t . — B i  t u r r ó n
Borehole locations see Figure 3.1.
RPPENDIH 2VI TRINI TE REFLECTRNCE DRTR
B H  GT1 D E P T HHuMb*r MuHbvr C M )
VI TRINI TE REFLECTRNCE SUMMRRV 1CORLSERTI ~HERN T1RH. RRNGE N SO
< T i •> < T i >
BK OI 23737BK OI 23730BK OI 23739BK OI 23740BK OI 23741BK OI 23742BK 02 23743BK 02 23744BK 02 23745BK 02 23746BK 02 23747BK 03 23740BK 03 23749BK 03 23750BK 03 23751BK 04 23752BK 04 23753BK 04 23754BK 05 23755BK 05 23756BK 05 23757BK 05 23750BK 05 237S9BK 07 23761BK 07 23762BK 07 23763BK 07 23764BK O0 23765BK O0 23766BK O0 23767BK O0 23760BK O0 23769BK 09 23770BK 09 23771BK 09 23772BK 89 23773BK 09 23774BK 10 23775BK IO 23776BK IO 23777BK IO 23770BK IO 23779BK 11 23700BK 11 23701BK 11 23702
120.60-1-11-20156.30- 165.50179.20- 192.00 195-30-199.50230.20- 235.40 2-11.30-2-1-1-00129.00- 13-1.-10159.90- 170.20 10-1.60-195.00200.50- 203.60236.50- 2-11.50 126.-10-137.-10151.20- 162.-10 176.-10-100.90192.90- 196.50130.30- 1-11.60152.70- 165.20207.00- 21-1.-10070.30- 000.50107.20- 117.30129.20- 1-11.50 1-17.60-151.90191.30- 202.60 13-1.-10-1-15-30161.20- 17-1.00179.20- 103-20222.00- 231.20121.00- 132.00 1-13.00-156.00 169.10-102.60100.70- 192.70229.50- 2-10.20130.20- 1-10.70150.20- 161.60 17-1.60-106.20 19-1.00-190.30. 237.30-2-17.00
062.20- 073.-10002.70- 095.20107.70- 120.20120.00- 132.20 170.-10-102.20070.30- 009-00126.70- 139.20 1-15.-10- 1-19.00
R 1 0.39R2 0-37DI 0-41B2 0.41C1 0.43C2 0.40
n i 0.42R2 0.44B 1 0.30B2 0-44C 0.30
R 1 0.41R2 0.41DI 0.42B2 0.41R2 0-44DI 0-46C 0.44
R 1 0-41R2 0.40
B 1 0.39B2 0.45C 0.46R2 0.39B 1 0-44B2 0.40C 0-43
n i 0.37R2 0.43
B 1 0.43B2 0.41C 0-42
n i 0-40R2 0.40
B 1 0.42B2 0.40C 0.40
R 1 0.42R2 0.37DI 0.42B2 0.43C 0.46
n i 0.37
B 1 0.39B2 0.30
0.33-0.-10 0.32-0.-17 0.33-0.-19 0.32-0.53 O. -10-0. -19 0.31-0.-10 0.36-0.-19 0.-10-0.50 O. 33-0.-1-1 0.30-0.50 O.3-1-0.-13 0.33-0.-10 0.36-0.50 0.37-0.50 0.33-0.-16 0.35-0.50 0.-10-0.52 0.37-0.50 0.34-0.50 0.34-0.47 0.36-0.46 0.40-0.52 0.42-0.51 0.34-0.44 0-39-0.50 0.36-0.46 0.37-0.50 0.34-0.52 0.39-0.40 0.30-0.49 0.37-0.46 0.36-0.50 0.36-0.40 0.36-0.46 0.37-0.47 0.37-0-46 0-37-0.46 0.36-0.49 0-35-0.41 0.30-0.40 0.40-0-49 0.42-0.52 0.34-0.43 
0.35-0.44 0.30-0.45
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BK  O l  
B K  0 2  
BH 0 3  
BH 0 4  
BH 0 5  
BH OS  
BH o r  
BH 0 8  
BH OS  
BH l O  
BH 11  
BH 12  
BH 13  
BH 14  
BH 15  
BH I S  
BH i r  
BH 18  
BH I S  
BH 2 0  
BH 2 1  
BH 2 2  
BH 2 3  
BH 2 5  
BH O l  
BH 0 2  
BH 0 3  
BH 0 4  
BH 0 5  
BH OS
b h  o r
BH 0 8  
BH O S  
BH l O  
BH 11  
BH 12  
BH 13  
BH 14  
BH 15  
BH 16  
BH i r  
BH 18  
BH I S  
BH 2 0  
BH 2 1  
BH 2 2  
BH 2 3  
BH 2 5
P R O X I M A T  A N A L V S I S  < d *F >
p e t r o g r a p h i c  c o m p o s i t i o n
A P P E N D I X  3
G R O S S  C A L O R I U I C  V A L U E  < * s > ,  H A R D G R O V E  I N D E X ,  AND  
t> y  l>o 1  .  > F R O N  BANKO B A R A T  C O A L  SO UT H  S U M A T R A .
SEAM T M ASH s If M
NAME % <:
A 1 2 2 . 6 0 16  .  l O o . r a 4 8 . 8 0
A 1 2 5 .  lO 1 1 . 0 0 0 . 8 0 5 1 . r o
A 1 2 4 - S O 1 3 .  l O 0 . 4 6 I S . 4 0
A 1 2 5 - 4 0 1 0 . 5 0 0 . 5 3 5 0 . 2 0
A 1 2 r . 5 0 1 1 . 6 0 0 . 5 2 5 0 . 8 0
A 1 2 4 - OO 1 2 . 4 0 0 . 5 4 4 8  . 5 0
A 1 2  1 .  l O S . 2 0 0 . 5 0 4 8  - 2 0
A 1 2 5 .  lO 8 .  SO O .  4 8 5 0 . OO
A 1 2 5 .OO 5 .  SO 0 . 5 1 4 8  . l O
A 1 2 5 .  lO 6 . 4 0 0 . 6 6 4 8  . 5 0
A 1 2 3 . 6 0 1 2 . 6 0 0 . 5 6 4 8  . 3 0
A 1 2 4 . 6 0 1 1 . 6 0 0 . 2 5 2 8  . l O
A 1 2 6 . 2 0 5 . 3 0 0 . 2 2 4 8 . 3 0
A 1 2 5 . 2 0 i r  . 5 0 1 . 4 4 5 0 . 8 0
A 1 2 2 . 8 0 2 3 . 0 0 1 . 5  1 5 2 . 3 0
A 1 2 2 . 8 0 2 0 . r o 1 . 2 8 4 8  . 6 0
A 1 2 5 . 6 0 1 8 . 4 0 1 . 1 0 5 0 . r o
A 1 2 r .  l O 2 0 .  l O 1 . 0 8 4 8 . 8 0
A 1 2 5 .  3 0 2 3 . 4 0 1 . 0 1 4 r . 3 0
A 1 2 3 . 5 0 i r  . 4 0 0 . 8 4 4 8 . 4 0
A 1 2 2 . 2 0 2  1 . 5 0 0 . 5 5 5 1 . 6 0
A 1 2 1 .O O 3 i . r o O .  4 8 5 0 . 2 0
A 1 2 4 . S O S  .  2 0 O - 5 8 4 8 . 8 0
A 1 2 5 . 5 0 S .  l O 0 . 5 8 5 0 . 6 0
A 2 2 4 .O O r  . s o 0 . 2 6 4 r . 3 0
A 2 2 6 . 6 0 1 0 . 5 0 0 . 2 1 4 8 - OO
A 2 2 5 . 6 0 1 2 . 4 0 0 . 2 4 4 8 . 8 0
A 2 2 5 . S O 8 . 0 0 0 . 1 8 4 8 . 4 0
A 2 2 8 . 6 0 3 .  SO 0 . 1 8 4 8 . l O
A 2 2 3 .  r o 6 . 4 0 0 . 2 1 4 T  . 5 0
A 2 2 3 . 2 0 6 . 1 0 0 . 2 0 4 8 . l O
A 2 2 3 . r o r  . 3 0 0 . 2 2 4 r . r o
A 2 2 5 . 2 0 6 . 4 0 0 . 1 8 4 6 . r o
A 2 2 4 .  r o 4 . 2 0 0 . 3 4 4 8 . 8 0
A2 2 4 . 6 0 6 . 2 0 0 . 2 8 4 r  . 3 0
A 2 2 4 . 2 0 S . O O 0 . 2 1 4 8 . OO
A 2 2 4 .  3 0 6 . 3 0 0 . 1 6 4 8  . 3 0
A 2 2 5 . O O 1 0 . 0 0 0 . 2 3 4 8 . 8 0  .
A2 2 r . D O 6 . 4 0 0 . 2 3 4 - 8 r
A 2 2 5 . 8 0 1 2 . 5 0 0 . 2 4 4 r . OO
A 2 2 6 . S O 6 . 8 0 0 . 2 1 4 r  . 8 0
A 2 2 r . S O 6 . 4 0 0 . 3 0 4 r  . 2 0
A 2 2 4 . 6 0 S .  l O 0 . 2 0 4 r . 2 0
A 2 2 4 .  3 0 6 . 3 0 0 . 2 8 4 8 . 4 0
A 2 2 3 . 8 0 r  . r o 0 . 2 8 4 8 . 3 0
A 2 2 4 .O O S .  l O 0 . 3 2 4 8 . OO
A 2 2 4 . S O 8 .  SO 0 . 2 5 4 8 . l O
A 2 2 6 . r o 8 . 0 0 0 . 2 2 5 0 . 6 0
F  C  
7£
C V
K c * l / K g
HOI R l>m * h
2
5  1 . 2 0 5 0 3 0 . 0 0 4 1 . 0 0 0 . 3 8
4 8 . 3 0 5 5 0 0 . 0 0 0 . 0 0 0 - 4 2
5 0 . 6 0 5 3 0 2 . 0 0 0 . 0 0 0 . 4 1
5 0 . 0 0 5 3 0 0 . 0 0 3 5 . 0 0 0 . 0 0
4 8 .  l O 5 3 8 8 . 0 0 3 8 . 0 0 0 . 4 1
5 0 . 5 0 5 1 5 8 . 0 0 3 6 . 0 0 0 . 0 0
5 0 . 8 0 5 2 8 0 . 0 0 3 3 - 0 0 0 . 0 0
5 0 . 0 0 5 4 8 0 . 0 0 3 1 . 0 0 o _ 3 r
5 0 . 8 0 S 6 3 r - O O 4 0 . 0 0 0 . 4 0
5 0 . 5 0 5 5 5 0 . 0 0 0 . 0 0 0 . 4 2
5 0 . 8 0 s s r o . o o 3 5 . 0 0 o . 3 r
5 0 . 8 0 5 3 3 0 . 0 0 3 5 . 0 0 0 . 3 8
s o . r o 5 7 0 0 . 0 0 3 8 . 0 0 0 . 3 6
4 8 .  l O 4 8 0 0 . 0 0 3 8 . 0 0 0 . 3 5
4 r . r 0 4 5 8 6 . 0 0 3 8 . 0 0 0 . 3 8
5 0 . 4 0 4 6 7 0 . 0 0 s r . o o 0 . 0 0
4 8 . 3 0 4 7 2 9 . 0 0 3 4 . 0 0 0 . 4 8
5 0 .  l O 4 6 8 1 . 0 0 4 2 . 0 0 0 . 0 0
5 2 . r o 4 6 3 4 . 0 0 3 3 . 0 0 0 . 0 0
5 0 . 6 0 4 9 7 4 . 0 0 3 6 . 0 0 0 . 3 8
4 8 . 5 0 4 8 0 0 . 0 0 3 8 . 0 0 0 . 4 0
4 8 . 8 0 4 1 0 8 . 0 0 0 . 0 0 0 . 0 0
5 0 .  l O 5 4 4 6 . 0 0 3 3 . 0 0 0 . 0 0
4 8 . 4 0 5 3 5 0 . 0 0 4 2 . 0 0 0 . 3 6
S 2 . r o 5 3 0 2 . 0 0 4 8 . 0 0 o . 3 r
5 1 . 0 0 5 4 4 6 . 0 0 0 . 0 0 0 . 4 4
5 1 . 1 0 5 3 8 0 . 0 0 0 . 0 0 0 . 4 1
5 1 . 6 0 5 5 4 1 . 0 0 4 7 . 0 0 0 . 4 4
5 1 . 8 0 5 8 0 0 . 0 0 4 6 . 0 0 0 . 4 0
5 2 . 5 0 5 5 4 1 . 0 0 4 6 . 0 0 0 . 0 0
5 1 . 8 0 5 5 0 0 . 0 0 4 4 . 0 0 0 . 3 8
5 2 . 3 0 5 8 8 0 . 0 0 4 8 . 0 0 0 . 4 3
5 3 . 3 0 5 8 6 5 . 0 0 5 0 . 0 0 0 . 4 0
5 1 . 2 0 5 8 6 5 . 0 0 0 . 0 0 0 . 3 7
S 2 . r o 5 5 8 0 . 0 0 4 6 . 0 0 0 . 0 0
5 1 . 8 0 5 3 2 8 . 0 0 4 5 . 0 0 0 . 3 8
5 i . r o 5 5 8 4 . 0 0 4 4 . 0 0 o . s r
5 1 . 2 0 5 5 8 8 . 0 0 4 r . o o 0 . 3 4
5 1 . 3 0 5 4 4 6 . 0 0 4 4 . 0 0 0 . 3 5
5 3 . 0 0 5 1 1 1 . 0 0 4 7 . 0 0 o . 3 r
5 2 . 2 0 5 4 8 3 . 0 0 4 4 . 0 0 0 . 4 0
5 2 . 8 0 5 5 8 8 - 0 0 4 8 . 0 0 0 . 3 8
5 2 . 8 0 5 5 4 1 . 0 0 4 6 . 0 0 0 . 0 0
5 1 . 6 0 5 5 0 0 . 0 0 5 1 . 0 0 0 . 4 0
s o .  r o 5 8 6 5 . 0 0 5 4 . 0 0 0 . 3 8
5 2 . 0 0 5 3 5 0 . 0 0 0 . 0 0 0 . 0 0
5  1 . 8 0 5 5 5 0 . 0 0 4 r . o o 0 . 0 0
4 8 . 4 0 5 5 8 8 . 0 0 6 0 . 0 0 o . 3 r
1
V i t . L i  pt:  . I n « r t . M M
8 6 . 4 2 6 . 8 8 1 - 8 5 4  .  r 4
8 8 . 0 8 3 . r s 4 . 5 2 2 . 0 8
8 1 . 0 8 3 .  16 3 - 4 8 2 . 2 8
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
8 8 . 8 8 5 . 0 2 3 - 3 r 0 . 2 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
8 8 . 8 8 4 . 8 4 3 . 6  1 1 . 1 4
8 0 . 2 8 5 . 5 4 3 - 3 5 0 . 3 3
e r . 4 5 5 . o r 4 . r s 1 - 8 2
8 6 . 8 6 5 . 5 3 3 . 8 2 0 . 4 6
8 0 . 0 0 4 . 4 6 3 . 6 4 0 . 8 0
6 8 . 8 0 4 - 4 8 4 . 5 1 0 . 6 0
8 0 . 0 6 4 . 6 0 3 . 5 4 0 . 8 0
8 8 . 0 6 5 . 2 3 4 . 8 8 0 . 8 2
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
8 8 . 2 0 4 . 8 8 4 . 1 2 1 . 4 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
8 4 .  r  1 4 .  l O 4 . 2 8 6 . 2 0
8 0 . 8 0 3 . 1 0 3 - r o 1 . 3 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
8 6 . 6 0 l . r o 1 . 1 0 0 . 5 0
8 5 . 3 0 5 . 8 8 4 - r e 3 . 8 6
8 8 . 4 1 4 . 1 8 3 - 5 2 2 . 2 4
8 8 . 4 r 3 . 5 6 3 - 8 1 2 . 3 4
e s . o r 4 . 6 8 3 . 8 0 2 . 6 1
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
8 8 . 4 6 5 . 8 0 4 . 1 5 1 . 2 6
e r  . 2 4 5 . 5 3 4 _ 6 r 2 . 1 0
8 0 . 0 4 5 . 8 6 2 . 5 2 0 . 2 0
8 6 . 5 8 5 . 2 3 3 . 8 4 o . r s
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
8 8 .  13 4 . 5 0 3 _ r r 1 . 4 0
8 8 . 5 0 s . r s 3 . 1 5 0 . 8 0
8 0 . 2 2 4 . 8 0 3 . 2 3 0 . 5 5
8 8 . 4 1 5 . 1 3 3 . 0 1 i  - r s
8 8 . 4 4 4 . 8 0 2 . 8 5 1 . 4 8
8 3 . 6 0 2 . 3 0 3 . 6 0 0 . 4 0
e r - 4 5 5 . 2 0 4 . 8 0 1 . 3 5
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
8 8 . 8 0 5 . 8 2 2 . 5 8 1 . 3 0
s o . r o 4 . 0 4 3 . 2 6 1 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
8 0 . 5 0 3 . 0 0 3 . 8 0 l . r o
B i  t / O i 1
0 .0 0
1 . 5 1
0.00
0.00
2 . 5 3
0 .0 0
0.00
1 . 3 3
0 . 5 0
0 .  r r
1 - 2 3
1 .  l O  
1 . 6 0  
o . s oO.S2 
1 . 3 2  
0 . 4 0  
0.00 
0.00 
o .  r o  1.00 
0.00 
0.00 0.10 
0 . 1 8  
0 . 6 4
o . r 2
o . s s
0.00
0.00O.T2
0 .  4 6  
1 - 1 3  
1 . 5 0  
0.00
1 .  r o  
o -  r o  1.10  
0 . 8 0  
0.00  
O .  l O  1.20 
0.00 
0 . 5 0  1.00 
0.00 0.00 
o . s o
Appendi h 3 (continued>
BH SEAU F M ASH S W M  F C C U  NOI Ruñan Uit. Lipt. Inert. M M
Nunber NAME <£ Zi 7£ 7i Kc*l /Kg Ti
BK O 1 B 1 24-80 4-30 O . 24 48 . OO 52-00
BK 02 B 1 26-50 6.30 0.25 43.80 50-20BK 03 B 1 26.60 6.80 0-26 47.30 52 - IO
BK 04 B 1 26.20 8.10 0-33 43.60 SO . 40
BK 05 B 1 26.40 5.30 0-27 48.30 5 1.10
BK 06 B 1 24.50 6.20 0.26 48.80 5 1.20
BK 07 B 1 2 1.10 6.80 0.24 48 - 40 5 1-60BK 08 B 1 23.60 6.60 0-32 48-30 5 1.70BK 03 B 1 24.50 6-70 0.27 48 . IO 5 1.30BK IO B 1 25 - 70 6 . OO 0.34 48-20 5 1.80BK 1 1 B 1 23.70 5.30 0.28 48-00 52-00
BK 12 B 1 23.30 6.40 0.16 48 - 60 5 1.40
BK 13 B 1 25.30 6.00 0-14 48 - 40 5 1-60
BK 14 B 26.70 7.60 0.27 48.40 51.70
BK 15 B 26 . IO 6.40 0.24 43 - IO 50.30
BK 16 B 26-50 6.40 0-27 48-50 5 1.50
BK 17 B 26 - 30 6.80 0.25 48.70 5 1-30
BK 18 B 25.30 10.20 0-23 48 . OO 52.00
BK 13 B 26 . IO 7.00 0-23 47.30 52 . IO
BK 20 B 1 42-50 7-30 0.27 48 - 20 5 1-80
BK 2 1 B 1 25.00 5.30 0.28 43. IO 50.30
BK 22 B 1 25-00 6 - 50 0.35 48.60 5 1.40
BK 23 B 1 24-60 4 - 80 0.27 48-30 5 1.70
BK 24 B 27-80 7.70 0.32 43.60 50-40
BK 25 B 1 27 - 20 7.60 0.33 5 1.00 43.00
BK O 1 B2 24 - 30 13.30 0.83 48-50 5 1 -SO
BK 02 B2 23 . IO 13-40 0.73 50 - OO 50-00
BK 03 B2 27-80 6-40 0-62 44-70 55 - 30
BK 04 B2 25 - 20 1 1.50 1-33 53-50 46-50
BK 05 B2 26 - 60 7.10 0-82 48-60 5 1-40
BK 06 B2 24.30 15 - 40 0-87 48.30 5 1.70
BK 07 B2 23 - 80 3-00 1.07 48.30 5 1.70
BK 08 B2 23.20 7. IO 1.12 47 - 80 52-20
BK 03 B2 23 - 60 IO - 70 1.6 1 47.80 52-20
BK IO B2 25 . IO 11-00 1-43 47.30 52. IO
BK 1 1 B2 2 1 - OO 22 . OO 1.06 47.30 52. IO
BK 12 B2 22 - 20 16 . OO 1.18 46.30 53 . IO
BK 13 B2 24.70 8-00 1-24 47 . IO 52.30
BK 20 B2 26 - 80 7.30 O . 73 47 . SO 52 -SO
BK 2 1 B2 25-40 6-50 1.10 48 - IO 5 1-60
BK 22 B2 24 - 40 13 - 50 O . 36 48 . OO 52.00
BK 23 B2 24.40 7.20 0.32 46.30 53.70
BK 25 B2 27 . IO 3.80 1.14 43.60 50 - 40
BK O 1 C 1 23.40 11-30 1.24 48 - 80 5 1.20
BK 02 C 1 2 1.30 12.30 2.00 50.30 43 . IO
BK 03 C 1 22.60 4.60 1.22 51-50 48.50
BK 04 C 24-30 3 . OO 1.16 50.00 50.00
BK 05 C 25.20 8-00 0.68 48.30 5 1.10BK 06 C 24.70 5 - 40 0.58 48.30 5 1 - 70
BK 07 C 22.40 6.30 1-17 48 - 30 5 1.70
BK 08 C 2 1-10 8 - 50 1.46 43 . OO 5 1.10
BK 03 C 23 - 50 6.20 0-72 47.50 52.50
BK IO C 23 - 80 8.30 1.46 48 - 30 5 1.70
BK 1 1 C 23.60 5-30 O . 33 47-00 53.00
BK 12 C 23 - 80 6.10 1.33 47.30 52 . IO
BK 13 C 23 - 60 7 . SO 1.18 48 . OO 52 . OO
5732 .OO o OO o 4 1 84.05 7-53 4-56 3-80
5780 OO 55 -OO o 38 86-04 6.06 5.07 2.45
5865 .OO o OO o 42 83-71 3.73 3.42 2.72
5865 _OO 43 _OO o 46 83.57 7.17 5.83 2.53
5870 •OO 50 .OO o -33 83-32 4.53 3-17 1.06
5300 •OO 50 OO o OO 0-00 0-00 0.00 O - OO
5550 ,OO 46 OO o 44 3 1- 23 3.44 4.67 0.40
5732 •OO 48 OO o 43 83.08 7-23 7.42 1-45
5800 .OO 5 1 OO o 42 32-6 1 3.78 3-12 0-00
5865 OO o OO o _42 83.73 4.67 4.23 0-56
5532 .OO 48 _OO o «33 88.30 4.30 4.80 0.60
5532 .OO 48 -OO o -38 32-50 4.22 2-58 0-50
5700 - OO 48 OO o *33 3 1- 70 3-70 3-30 0.70
554 1.OO 43 .OO o 42 83.80 5-30 4-50 4.40
5750 _OO 45 .OO o 37 88.37 4.37 4-07 1.48
5600 •OO 5 1 OO o -38 88.2 1 5-73 3.56 1.435550 .OO 46 _OO o 40 86.12 6.04 5-50 1.84554 1-OO 47 -OO o OO 0.00 0.00 0-00 O - OO5732 -OO 47 •OO o OO 0.00 0.00 0-00 O . OO
554 1•OO 50 •OO o 37 3 1.60 3-10 2.30 O . 30
5828 -OO 57 OO o 42 32.40 5-40 1 - OO O . 605450 .OO O .OO o OO 0.00 0-00 0.00 O . OO5780 .OO 47 OO o OO 0-00 0-00 O - OO O - OO5111 -OO 43 .OO o *4 1 34. IO 2-40 2-70 O . 305637 -OO 53 .OO o 4 1 83.40 6-30 2-80 1 .OO5255 -OO O -OO o »4 1 83-38 6-67 4-64 5-315080 -OO 57 .OO o _44 83.74 7-77 4-86 0-725323 •OO O -OO o -4 1 8 1.14 4-38 3.80 IO . 385541 -OO 5 1-OO o _OO 0-00 0-00 0-00 O . OO5700 -OO 52 •OO o OO 0-00 O . OO 0-00 O . OO5300 - OO 52 .OO o _ OO 0.00 0.00 0.00 O . OO5338 - OO 43 .OO o »40 30.80 5.70 1-30 1-105300 .OO 56 OO o _ 4 1 86- 14 5.04 5-46 2.105468 - OO 57 _OO o .43 87.33 6-37 3-33 0-765400 -OO O .OO o «43 87.84 5-30 4-56 1 - 204777 - OO 55 -OO o .38 88 - 37 5.47 3-36 O - 805 140 - OO 54 .OO o _ 38 88.83 4-30 4-77 1 - 305530 - OO 5 1 OO o■38 88-70 5-10 4 - 40 O - 305550 -OO 47 -OO o 36 34 - 40 1-84 1 - 04 O . 605780 -OO 57 •OO o .OO 0-00 0-00 O . OO O - OO5 111 -OO O .OO o _ OO 0-00 0.00 0-00 O . OO5865 -OO 5 1.OO o _OO 0-00 0-00 O - OO O - OO5446 -OO 68 .OO o •43 84.50 8.10 3 - 40 3 - 405338 - OO 50 .OO o 43 86-23 5-30 5.13 2 - 685637 -OO 43 -OO o •38 33.03 2-56 3-33 O . 24537 1-OO O .OO o -OO 0.00 0-00 0-00 O . OO6000 -OO 43 .OO o 44 83 - 08 5-37 3-87 1 - 465300 -OO 47 .OO o OO 0.00 0-00 0-00 O . OO5870 -OO 47 .OO o -OO 0-00 0-00 0-00 O . OO5732 - OO 45 .OO o 43 83. 13 5-42 4-04 1-015780 - OO 46 - OO o -42 30-85 3-70 3 - 35 O - 605850 - OO 43 .OO o .40 30.30 4-30 2.80 O . 705637 -OO O -OO o 46 83-01 4-68 4-61 O . 685860 - OO 50 .OO o _33 86.86 4-77 6 - 03 O - 385876 - OO 50 -OO o 37 30-46 4-30 3.24 1 . IO5780 -OO 46 «OO o -33 88.40 4-30 5.40 1 . IO
Bì t /O i  l
0-000-360- 35o.e-d1- 36 
0-000 - 20 0.821 -43o - r 5 0.80 
0.20 0.70 
1-40 
1.11 1.07 0.50 
0-00 
0.00  1.50 0.60 
0-00
0 - OO 0-50 0-50 
0.00  2.91 0.37 
0-00 
0-00 
0-00 0-501 - 26 O - 35 
1.100 - 80 
0-20 
0-70
1 - 30 
0-00 
0-00 
O - OO 
0.30 
O - OO 
O - 24 
0-00 
0-24 O - OO 
0-00 
0.40 O . 300 . 70 
0-511 - 30 0.30 
O . 80
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BH SERH r U OSH S D M F C C U HOI Ru m »h . Vlt. Llpt . In*rt. n nIUMb*r NRNE 2 5: X X X Kc«l/Kg X
BK 14 Cl 22 60 14.TO o. 82 48. TO 51.30 5230.00 44.00 0.36 88.38 5.26 2.64 3.06BH 15 C 1 24 -io 8.10 1.21 49- TO 50.20 S63T.OO 40.00 0.38 er .08 4-75 5.89 1-50BK C 1 24 -OO 13.40 1.35 49- 40 50.60 5320.00 42.00 0.00 0.00 0.00 0.00 0.00BK IT C 1 23 -60 IT. IO 1. 13 51. OO 49-00 5020.00 44.00 0.42 84.39 5.14 4.85 5.00BK 18 C 1 24 -TO 5.30 o. 94 4T .80 52- 2Q 58T6.00 48.00 0.00 0.00 0.00 0.00 0.00BK 18 C 1 24 -IO 10.60 o. 84 48. 60 51.40 5865.00 43-00 0.00 0.00 0.00 0.00 0.00BK 20 C 1 2 1-20 20. IO 1. 16 49. 90 50. IO 4900.00 42.00 0.40 86.30 4.80 5-20 3.40BK 2 1 C 1 22 -OO 13.50 o. 96 50. 40 49.60 5450.00 4T.OO 0.44 88.40 4.50 3.40 3.40BK 22 c 23 -30 10.80 o. T2 48. 90 51.10 5350.00 0.00 0.00 0.00 0.00 0.00 0.00BK 23 c 23 -80 T . 40 o. T9 4T- 80 52. IO 5880.00 46.00 0.00 0.00 0.00 0.00 0.00BK 24 C 1 25 -60 11-40 1. 11 50. 30 49. TO 5030.00 46.00 0.42 86. TO 5.35 3-55 3 - 20BK 25 c 25 -80 6.60 1.51 50. 50 49.50 5T80.00 5T.OO 0-43 86. IO 8-50 2.80 1 - 30BK O 1 C2 24 -TO 4.20 o. 29 46. 50 53.50 5840.00 50.00 0.40 85. 12 6.66 5.60 2 - IOBK 02 C2 26 -OO 4.50 o. 25 48. TO 51.30 606T.00 4T.OO 0.00 0.00 0.00 0.00 0.00BK 14 C2 20 -TO 5.80 o. 36 4T- 20 52.80 5T50.00 45.00 0.39 88.20 5.61 2.49 2.60BK 15 C2 25 -OO 21.30 o. 52 48. 30 52.00 4TTT.OO 42.00 0.41 88.36 5.88 3.68 1.44BK 1& C2 25 -OO 15. IO O- 34 4T- OO 53.00 5159.00 46.00 0.42 90.30 2.90 4. TO 1 . TOBK IT C2 26 -40 8.30 o. 35 4T- 20 52.80 5446.00 4T.OO 0.44 84.02 5.21 6.38 2.48BK 18 C2 26 -20 5.20 O- 56 46. 90 53. IO 5T80.00 50.00 0.3T 05.79 4.38 4-05 4.60BK 19 C2 25 -TO 5.90 o. 51 46- 30 53.TO 58T6.00 49.00 0.00 8T.25 0.00 0-00 O . OOBK 20 C2 25 -IO 5 -TO o. 49 4 T.50 52.50 5865.00 46.00 0.44 0.00 4.01 5.09 2.01BK 2 1 C2 22 -20 14. TO O- T 3 48. TO 51.30 5400.00 50.00 0.43 94-90 2.20 1.50 O . 80BK 24 C2 24 -80 11.30 o. 38 48. OO 52.00 5020.00 50.00 0.00 0.00 0.00 0.00 0.00
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K-OG <1986>
DITRINITE LIPFINITE INERTINIFE
n i n e r r l  h o t t e rBirUNEN RND OIL CUT, OIL DROP.
Bi t/Oi1
o.ss o. ro o.oo 
0 . 6 2  0.00 0.00 
0 . 3 0  
0 . 3 0  0.00 0.00 1.20 
1 . 3 0  
0 . 5 2  0.00 1.10  O . 6*1 
0 - 4 0  
2 . 0 5  
1 . 2 4  
1 . 6 4  0.60 0.00 0.00
APPENDIX -1
ULrinfirE and petrographic analvses
SEAtlNAHE
Al A2 Bl B2 Cl C2 Al A2 B 1 B2 Cl C2 Al A2 B 1 
B2 CAlA2 B 1B2CAl A2 B 1 B2CAlA2 B 1B2CAl A2 B 1B2CAl A2 B 1B2CAlA2
ULTIHATE ANALVSIS < d*fb > PETROGRRAPHIC COMPOSITION C V. uol . >
C»rbon Hçjdrog*r> N itr o g e n  Sulphur
* 2 X  T i ÛHgg»nTi H/X O/C Ru TOTAL TOTAL*Z Vi t»Lip Fu** SF
75.7-1 5. 1976.71 5. 1876.3-1 5.2-176.-16 5.3076. IO 5.-1077.01 5.3375.21 5.3876.-19 5.3-175.99 5.3776.-17 5.-1276.06 5.-1976.85 5.-1775.50 5. IO75.76 5.3076.08 5.2776.15 5.277S.-13 5.-177-1.90 5.3-175.66 5.2675.31 5.3675.68 5.-1176.5-1 5.3775.05 5.-1075.69 5.2175.5-1 5.3S75.80 5.2-176. 15 5.-157-1.78 5.3975.-10 5.2575.37 5.1075.-10 5.3576.27 5.-1675.56 5.3376.-16 5.2776. 12 5.3076.-15 5.2277.09 5.3976.03 5.3576.6S 5.2776.17 S. 3376.55 5.3576.82 5.5975.7-1 5.-1276.2-1 5.30
1.21 0.751- 1-1 0.291- 15 0.251-27 1.011.36 1.501.-19 0.311.28 0.931- 1-1 0.201.1-1 0.301.2-1 1.1-11-32 2.781.-18 0.291.20 0.581.90 0.301.10 0.301.26 0.751. IO 1.-191.26 0.661.09 0.211.15 0.-191.23 1.851-29 1.181. 19 0.6-11-09 0.211. 12 0.331.29 1.061.37 0.891-15 0.7-11.07 0.251. 12 0.321-30 1. 181.-13 0.721.20 0.6-11.13 0.251. 18 0.361.29 1.361.31 1.-131.18 0.581.09 0.361.03 0.381.27 1.361.38 1.391. 17 0.601.06 0.20
17. 11 0.82216.69 0.81017.02 0.82315.96 0.83115.6-1 0.85115.56 0.83017.20 0.85816.83 0.83717-20 0.8-1815-73 0.8501-1.35 0.86615-91 0.85-117.62 0.81017.55 0-83917. 13 0.85016.57 0.83016.51 0.87017-98 0.65517-76 0.83-117.69 0.85515.83 0.85715.62 0.8-1117.72 0.86317.80 0.62617.66 0.8-1916.61 0.82916.1-1 0.65817.90 0.86-118.03 0.83518.09 0.81116.77 0.85116. 12 0-85917.27 0.8-1616.85 0.82717.05 0.83515.66 0.8191-1.78 0.83916.86 O.8-1-116.73 0.82517-09 0.83915.-17 0.8381-1.82 0.87317.07 0.85817. 18 0.83-1
O. 169 0-39O. 163 0.37O. 167 O.-11O. 160 O.-11O. 15-1 0.-13O. 15-1 0.-10O. 171 0.-12O. 165 O.-1-1O- 169 0.39O. 15-1 O.-1-1O. 1-11 0.38O. 155 0.00O. 175 O. -11O. 173 0.-11O. 168 0.-120.630 0.-11O. 16-1 0.00O. 180 0.00O. 176 O.-1-1O. 176 0.-16O. 156 0.00O. 153 O.-1-1O. 177 O.-IlO. 176 0.-10O. 175 0.39O. 16-1 0.-15O. 158 0.-16O. 179 0.00O. 179 0.00O. 180 0.00O. 166 0.00O- 158 0.00O. 171 0.00O. 165 0.39O. 167 O.-1-1O. 153 0.-10O. 1-13 0.-13O. 172 0.37O. 163 0.-13O. 168 0.-130.151 O.-11O. 1-1-1 0.-12O. 169 0.-10O. 169 o.-io
93.30 1.3091.18 2.0291.6-1 1.9090.05 1-7292. 13 3.-109-1.05 2.0993. 1-1 2.6-193.60 1.7692.08 3-0291.51 2.1895.59 0.920.00 0.009-1.2-1 1.3993.03 2. 1-193.50 1.-1-185.52 1.010.00 0.0092.90 1.730.00 0.0090. 17 3.370.00 0.009-1.-15 1 .-1593.37 1.9-192.60 1.7093.85 1.5393-00 2.2095.50 0.000.00 0.000.00 0.000.00 0.000.00 0.000.00 0.000.00 0.0093.86 l.-l-l9-1.73 2.0396.50 0.909-1.55 1-6293.92 1-7192.81 l.-IO90.31 2.2791.18 2.529-1.55 2.2095.82 1.5196.00 1. 12
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H^C O/C RP H4H_
Zi
rorauWittLip rorauFu* ♦SF
B1 ir 5.34 1.12 0.28 ir .oe 0.841 O. 168 0.42 86.38 1.08B2 75.87 s.er 1.25 1.88 15.32 0.686 O. 151 0.40 84-30 2.28C 76.76 S.54 1.48 o.rs 15.48 0.666 O. 151 0.40 85.80 1.60fl 1 7S.40 s.3r 1.20 0.85 ir .38 0.654 O. 1T2 0.42 82.48 2.48R2 75.63 S . 25 1.04 0.42 ir .66 0.833 O. 175 o.sr 83.88 1.66B 1 75.88 s.3r 1.09 o.sr ir .28 0.848 o . i ro 0.42 84.40 1.6882 76.26 S . 23 1.22 1.50 ìs .rs 0.822 O. 155 0.43 83.34 2.80C 76.98 S. -41 1.34 1.80 14.66 0.843 O. 142 0.46 83.68 2.05R 1 74.42 s.3r 1.23 o.rs 18.23 0.865 O. 183 o.sr 84.40 1.3rR2 75.40 5.25 1.08 0.28 ir .88 0.635 o. ir8 0.00 0.00 0.00B 1 r5.es s. 3r 1-15 0.28 17.51 0.85 1 O. 179 0.38 83.80 2.20B2 r 5.06 5.35 1.31 1.44 16.84 0.855 O. 168 0.38 84-38 i. rsC re _ 3 1 S. 13 1.42 1.10 16.04 0.806 o. isr 0.38 81.43 3.23R 1 rs.4i 5.33 1.22 0.28 ir.r2 0_84r o. ire 0.38 84.46 1 - erR2 re _ 29 5.32 1.11 0.22 ir .06 0.836 o. ter 0.38 83.53 1.86B 1 76.28 5.35 1.18 0.28 16.83 0.841 O. 166 0.38 86. r2 1-51B2 76.41 5.21 1. 1S 1.40 is. rs 0.818 O. 154 0.38 83. r3 2.83C rr .2 2 5.41 l-3r 1.45 14.55 0.840 0-141 o.sr 84.80 1 - 38R 1 r4.90 S . 54 1.08 0.40 18.08 0.880 O. 181 0.36 83.28 1.83R2 r-4.ro 4.80 o.sr o.sr 18. 16 o.rer O. 182 o.3r 85.25 1.53B 1 74.60 4.89 0.88 0.31 18.22 o. ree O. 181 0.38 86.40 2.30B2 r4.80 4.88 1.08 1-32 ìr.si o.r82 o. ir8 0.38 83.30 1.85C re_3o s.re 1.15 1.32 15.4r 0.805 O. 152 0.38 8 2.ro i. roR 1 r2_40 S.4S 1.12 1.88 18.13 0.808 O. 188 0.3S 84.66 i. rsR2 rs.oo s.ee 1.14 0.26 ir .84 0.805 o. irs 0.34 85.02 1.82B 1 r4_20 s.ei 1.10 0.28 18.24 0.800 O. 182 0.42 88.ro 3 . OOCI r3.80 s.ss 1.11 0.88 18.62 0.808 O. 188 0.36 84.36 1 - 32C2 rs.ro 5.3S 1-32 0.35 ir-26 0.848 o. ir i 0.38 83. rr 1.31R 1 r2.80 5.SI 1.08 2.03 18.20 o.sr4 o. ìer 0.38 83.28 2.81R2 r4.90 S - 40 1.03 0.21 18.46 0.865 O. 184 0-35 84.45 1-11B r4.90 5.42 1.12 0.23 18.3r 0.868 O. 183 o.sr 83.34 1.48CI rs.so 5.66 1-25 1.26 15.83 0.888 O. 158 0.38 81.63 3.25C2 re. 30 5.88 1-48 0.58 15.85 0.883 O. 156 0.41 83. sr 1.44ai r4.eo 5.54 1.18 1.45 ir .20 0.881 o. ir2 0-00 0.00 0.00R2 re.oo 5.50 1.22 0.32 16.86 0.668 o. ter o.sr 84.24 0.88B rs. io 5.82 1.18 0.31 ir .8 1 0.888 o. irr 0.38 83.84 2.14CI rs.eo 5.88 1-28 1.46 15.85 0.801 O. 158 0.00 0.00 0.00C2 r s .30 5.38 1.42 0.41 ir .48 0.858 o. ir3 0.42 83.51 2.80ai r-4-oo 8.03 1.24 1.28 ir .44 o.srr o. ire 0.48 84.08 2.18a2 r3.ro 5.38 1-22 1.38 18.30 0.872 O. 186 0.40 85.80 i. roB r5.ro 5.52 1.05 0.30 ir .40 o.ers o. ir2 0.40 82. 16 2. erCl r4.eo 5. es 1.18 1.38 ir. 14 0.816 o. ir2 0.42 88.08 2.83C2 rs.40 5.81 i.3r 0.41 ir .2 1 0.682 o. i n 0-44 88.23 3.88ai rs.so 5.66 i-2r 1.22 ir .ss 0.818 O. 182 0.00 0.00 0.00a2 rs.eo 5.48 1.13 0.31 ir .4r o.8r i o. irs 0.38 82.65 2.25B rs.oo 5.45 1.08 0.26 18.23 0.872 O. 182 0.00 0.00 0.00C 1 rs.so 5.80 i. ir 0.88 16.45 0.886 O. 162 0.00 0.00 0.00C2 re. 20 5.51 1.35 0.56 16.38 o_86r O. 161 o.sr 80.11 2.28a i 73. IO 5.80 1.28 1.28 18. r2 0.818 O. 182 0.00 0.00 0.00a2 r-4.30 5.42 i. ir o.2r 18.85 0.875 O. 180 0.00 0.00 0.00B rs.so 5.35 1.13 0.26 ir _r6 0.850 o. ire 0.00 0.00 0.00Cl re. 30 5.85 1.28 0.86 15.63 0.820 O. 153 0.00 0.00 O . OOC2 re. -40 5.81 1.38 0.56 16.05 0.861 o. isr 0.00 0.00 O . OOai rs.so 5.45 1.05 0.88 18.02 0.888 O. 184 0.38 88.81 o.rsa2 rs. io 5.48 1.01 0.25 18. 18 0.872 O. 181 0.40 84.42 O _ 12B 1 r-4.ro 5.58 0.88 0.28 18.46 0.883 O. 185 o.3r 83.80 1.30
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RNRLVSIS OF RSH FUSISI LI TV OF RSH
REDUCING RENOSPHERE OXIDISING RFHOSPHERE
Efltt Sili. RI ut-ii .I i-or» Cai c .Magri.Fi ira.Sodi .Pota .Phos ,OHP . A s as a s MS- as A S A S-Si 02 RI 203 F *203 CaO rigo ri o Na2C K20 P205
Zi Zi Zi Zi Zi Zi Zi Zi Zi
R 1 52 . IO 25.60 6.34 4.61 1-30 0.75 2.63 0.73 O . 05R2 54.50 8.06 4.25 4.53 2-27 0.27 6.31 O. 17 0-40B 1 45-50 26 . IO 5.38 3.38 2.60 0.36 6-64 0.27 0.46B2 S3 . IO 3.37 2.05 0-82 0.54 0.28 1.51 O . 15 0.01C 43.20 33.60 4.50 3-04 1-51 1-02 7.81 0.36 0.37R 1 7-5.20 17.30 2.26 1-53 O . 52 0.56 0-37 1.45 0.02R2 76.40 3-78 3.58 2.14 1 . 17 0.23 3-41 O. 17 0.24B 1 48.70 28 - 30 5.33 3 - OO 2.20 1.11 7.03 0.40 0.52B2 85-00 8.16 2.03 O . 66 0.38 0-25 2-36 O . 12 0.02C 44.80 34.00 5.80 2.30 1. 13 1.06 6-67 0.36 0.23ftl 0.00 0.00 0-00 0-00 0.00 0.00 O - OO O . OO 0.00R2 42.80 30.20 7.38 2-85 2.88 0.32 7-00 0.53 0.52B 1 45 . IO 23.60 7.73 3-48 3.27 1-03 5-33 0.48 0.53B2 60 . OO 24.20 3.50 1-53 0.32 0.64 6-65 0.47 0.12C 47.30 33-50 6.33 1-63 0-83 1-00 6-14 O . 22 0-52R 1 58-00 25.50 5-10 2.34 0.83 0.65 4.55 1.47 0.11R2 48-50 16 . IO 3.72 6.85 2 - 68 0.33 13-6 0-53 0-38B 50.50 27 . OO 2 - 70 2.78 1.66 O . 73 IO. 1 0.37 O.S4C 1 53.50 30 . IO 1.36 1-15 0.83 0.74 2.65 0.33 0.23C2 43.50 32 - 50 3.75 2-13 1.52 0.37 12.2 O . 43 0.45R 1 43 - 40 30.50 5.25 3-38 1.03 0.35 2.76 1-33 0-23R2 56-00 2 1.50 3.60 4.28 2.01 0.36 S -05 0.55 0.16B 45-00 33 - 60 3.81 3.87 2.15 1 - 05 6-05 O . 43 0.55C 1 56 . OO 26 . OO 5.33 2-10 1.63 0.67 4 - 80 0.33 0.25C2 80.00 14 - IO 1.82 0.51 0.36 0.57 1.60 0-13 0-11R 1 76.50 11.40 1.66 1 - 68 0.53 0.30 3.50 0.44 0.10R2 75.70 7.15 1.46 1-83 O . 35 O. 17 5.35 O - 40 0-13B 45 . OO 32.30 3 - 38 3.13 2.18 O - 88 10.2 0.41 0.40C 1 61.50 26 - OO 3.82 1.33 1 . 16 O . 56 2.80 0-57 0.20C2 80.50 11.70 1 - 43 O . 35 O . 68 O - 40 3.07 O . 08 0.17R 1 66 - 80 17.84 2.32 1.85 0.36 0.42 3-53 1.12 0-13R2 60.00 27 . OO 5 - 83 O . 33 1 - 30 0.62 2-50 0-78 0.12B 5 1.80 28-84 2.76 2.51 1.72 0-62 7.74 O - 40 0.13C 1 58-50 26 - 13 6 . 14 0.38 1.63 0.60 4-62 0-30 0-12C2 62.30 2 1.01 2.52 1.48 0.31 O . 43 7.42 0.28 0.32R 1 53.60 26.60 2-20 1.75 0.78 0-61 3 - 48 0.81 0-33R2 65-50 11.30 2 . 18 4 . OO 1.43 0.23 8.70 0-41 0-15B 0.00 0.00 O . OO 0.00 O - OO O - OO 0-00 O . OO 0.00C 1 46.30 28 - IO 5.70 3.60 1.45 0.43 8-50 0.60 0.08C2 5 1.00 32.20 3.48 2.52 1-36 0.55 5-20 O . 48 0-14R 1 67.00 2 1.30 3.82 1.33 0.80 0.64 1-62 1.87 0-14R2 77.00 8-65 1.68 2-15 1.08 O . 26 3.10 0.47 0.12B 5 1.20 3 1-50 4 . OO 2.38 1.83 O . 34 3-75 0.42 0-25C 1 56 . OO 32.70 2.72 1 . 18 0.31 0.74 3-20 O . 72 0.30C2 O - OO O . OO O . OO 0.00 O - OO O . OO 3.12 O - OO 0.00R 1 76.50 16.50 4.32 0.71 1.06 0.38 3.10 O . 84 O - 04R2 78.50 6 . OO 2 - 25 O . 68 1.40 0.23 7.40 O. 16 0-22B 1 55 . OO 3 1 - 80 2.20 0.70 1 - 44 0.8 1 7.80 O - 34 0.33B2 55.50 30.40 2.43 0.68 1.26 0.70 6.88 8.54 0-14C 1 63.50 22.50 2.35 O . 20 O . 46 0-51 2-70 0.68 0.11C2 5 1.50 27.50 4.60 1.12 0.83 O . 52 8.30 O . 73 O . 33
Nang. S u lp . Loss DeforM. H*mìs p . Flou D «forn. Henisp
IS m or* r *Mp»r_ T . renper- r *Mper. rlir*3041 S03 Igr». o o o o o
Zi Zi Zi c c c C C













































1 lu 1 2 ft1 1 o a oÜJ 1 H I 0X 1 U. *1 1 1-Vi 10 1r 1 1i 1 Q.Lx 1 W ft1 •h a o0 1 zzo
z 1 ft ftH 1 XV-v> 1H 10 1 i aH 1 Z LX 1 L ft0 1 o a o1 i r ò1 ft ft1 ov-X 1w 1 1x 1 l1 2 ftL 1 o a o0 1 H I 0Ui 1 Il ft1 t-UU1 1Hi 1 1 •JÛ. 1 a iH Vi 1 tt ft-ffiO 1 • n a o
hC 1 zzoVil- 1 ft ftOX 1 XI-1 10 1 a a
z 1 Z lH 1 i «0 1 o a o0 1 V z 00 1 « ftUi 1 01-u 1111 H£C.V1 WOO1 0 H11 J11 á ri1 H  W 0 .V1 2 ft Vi1 VI1 • V1 0 01 £ W fl N1 M£11 E E11 W Vi1 0 W 0 .V1 £ ftN1 1 1
1 ft 01 V W N «V1 0 ftX1 a1 • 01 •H N1 OMiVX 1 0 ftZVi 1 ViX • (M1 ft 01 ¥ W -h WII 1 fi ftl-0 1 1—
1 Z 0Vi 1 0 w o.\*
H 1 ft ft EVi 1 E> 1 aJ 1 U 0I 1 h M ft .V
z 1 ft ftOx 1 01 fl1 C 01 0 W M .V1 l ft ft11 h II
1 •H1 Z fl1 2 W 0 A*1 H  ft H11 X c11 J N1 h KOiV1 •W ft H1 Vi Vi
000000000000000000000000000000000000000000000000
o o o o o o o o o o o o o o o o o o o o o o o o0©0©0©®N\íl/l(íf)iíTTT
oooooooooooooooooooooooo
oooooooooooooooooooooooo




I I I I I  I I  I I I I  I  I I  I I  I I  •  I  •  I I •
ooooooooooooooooooooooooNTTViN® flUiUi
oooooooooooooooooooooooo000000000000000000000000
1 I I I I  I ■ I ■ I I I I I I  • I I •  I •  • I  •
oooooooooooooooooooooooo OOONOCJHIA © UiffiflffiTT V
oooooooooooooooooooooooo000000000000000000000000
1 I  I  I I  I  ■ I I I I I  I I  I I  I I  I I  i  I » I
oooooooooooooooooooooooo 













I I  I I •  I I  I I  I  I I  I  I  I I  I I I  I  • i  I I000000000000000000000000
®NTUiffiVif-**N©UiNVUl*ViViNNN®VN
1 I I  I I I I  •  I I  I I I I I I I I  I •  I I I I000000000000000000000000
0Vlfl000Vi0ViVi0T®Ui*©©0©00VlVi0 TS • UINffiffiffiNNA VVIOTN V*0*fllA©T
•  1 0  I  I I I • I I I I  I I  I I I 1 t  < 1 1 1 1N©*^VA*v»flVi00Nfl0TTUi**Nflfl
UiA*ffifl*»,<00NV>TT©©7r©V)N*M/iTffiNNM/i©VUi*NN©©OfHVi©®©©flHftafl©
1 I  I ■ I I I I  I I  I •  I I I I I I I  ■ t  I I I
oooooooooooooooooooooooo
©NffiNffiUiN̂ OTffiflflVi f̂fiTffiViUiffiffiffin




U i N N © < \ I N * f l N * © N N T N U Ì ( \ l f l N V i * f l f l ©
OUlOOOOOVIOOOOffiOOOf-OffiOOOOOOf-OffiUÏONNTfl®Œ©ViNN©Cg*OV>OflO
N©nMnNO©iAMin©TiAN©©©©in©©©© O fìNno* NHflN flNflNNHH Nrtfl
ooooooooooooooooooooooooUiOffil/iOOOOI'-OOUiffifwOViHOffiViOOViO
©uì©*vii/iViO®ONflVSffi*®*<\iM/i©N©
f * NVVIVi f *©®Vl f f i Vl ©f f i ,r © V l 7 , Vi©N*ffiUi©V
E l
i 1 X E 1 *  N *  <\l h  N *  N *  N H N * N H C J H C g n wz i 1 U O 1 X X f f i f f i O O X X f f i O O X X f f i O O f f i O O X X f f i f f i O
fi i 1 VIO 1
V i 1 1z i 1 1 1 H N f l T Uift i 1 ft i cg N N N Wa i 1 X £ 1
a i 1 Z 1 X X X X X
X i 1 ffi 2 1 ffi ffi ffi ffi ffit 1 Z 1
APPENDIX 6
SURALAYA POWER STATION BOILER PLANT SPECIFICATION
Proximate analysis (as received) "Worst” "Average"
Moisture X by wt 28.3 23.6Ash X by wt 12.8 7.8Volatile matter X by wt 15.1 30.3Fixed Carbon X by wt 43.8 38.3
TOTAL : 100.0 100.0
Higher heating value kcal/kg
(as received) 4,225 5,242
Lower heating value kcal/kg
(as received) 4,075 5,092
Grindability Index HG 59.4-64.2 61.8
Bulk density 0.72-0.80 0.76
Ultimate analysis (as received) "Worst" 
(or range)
"Average"
Moisture % by wt 28.3 23.6Ash X by wt 12.8 7.8
Carbon X by wt 45.3-64.1 54.2 .
Hydrogen X by wt 2.6-4.1 3.9
Sulphur X by wt 0.9 0.4Nitrogen X by wt 0.7-1.1 0.9
Oxygen X by wt 3.0-13.6 9.2
TOTAL 100.0
Coal size (as received)
100 X less than 32 mm
9.5 X less than 20 mm
15.0 X or more through No. 8 US sieve 
(2.38 mm)
APPENDIX 6 (continued)
Chemical analysis of ash
Silica Si02 X by wtIron oxide Fe203 X by wt
Aluminium oxide A1203 X by wtCalcium oxide CaO X by wt
Magnesium oxide MgO X by wtSodium oxide Na20 X by wt
Potassium oxide K20 X by wtSulphur trioxide S03 X by wt
Titanium dioxide 
Phosphate pent-
Ti02 X by wt
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